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1.0  INTRODUCTION 


This  volume  documents  the  technical  aspects  of  the  ATR  Auto¬ 
motive  control  system  and  associated  software.  The  information  contained 
herein  is  an  edited  presentation  of  Southwest  Research  Institute's  Final 
Report  on  the  Control  System  Design  for  the  Automotive  Test  Rig  (ATR) 

Vehicl e  (SwRI-8284),  December  1985.  The  report  was  prepared  by  Messrs. 

Gary  L.  Stecklein  and  Benjamin  A.  Treickel  of  the  Department  of  Engine 
and  Vehicle  Research,  Southwest  Research  Institute,  San  Antonio,  Texas. 

This  volume  addresses  the  control  system  design  (hardware 
and  software),  auxiliary  components  (Terra  Computer  and  Mil  tope  Recorder), 
and  transmission  testing.  Appendix  A  presents  the  detailed  control  system 
software  listing  and  Appendix  B  provides  details  of  the  control  circuits. 


2.0  ATR  CONTROL  SYSTEM  DESCRIPTION 

Table  2.0-1  provides  a  listing  of  all  of  the  operator  input  and 
vehicle  feedback  signals,  and  control  signals  used  in  the  ATR  vehicle.  This 
table  also  indicates  the  pin  number  where  these  signals  originate  or  terminate 
on  the  SC-1  computer.  These  devices  can  be  categorized  into  the  following 
major  types: 

0  Analog-In  Signals 
0  Frequency-In  Signals 
0  Digital  Input  Signals 
0  Pulse  Width  Modulated  (PWM)  Output  Signals 
0  Digital  Output  Signals 

These  signals  are  discussed  according  to  their  category  in  the  following 
section. 

2.1  SC-1  COMPUTER  INPUT  SIGNALS 

2.1.1  Operator  Input  Controls 

The  operator  input  signal  devices  consist  of  the  steering 
mechanism,  accelerator  pedal,  brake  pedal,  transmission  selector,  mode 
selector,  and  gear  selector.  Analog  signals  are  provided  by  the  steering, 
accelerator  and  brake  devices.  These  signals  are  generated  by  potentiometers 
mounted  in  each  of  these  devices.  The  input  device  di splacement-to-signal 
generation-to-computer  software  integer  value  relationships  are  presented  in 
Figures  2.1-1,  2.1-2  and  2.1-3  for  these  devices. 

The  mode  selector,  transmission  selector,  and  gear  selector 
provide  digital  input  signals  to  the  computer.  Each  device  is  mechanically 
interlocked  so  that  only  one  input  signal  can  be  obtained.  These  signals  are 
received  by  the  SC-1  computer  through  a  Parallel  I/O  card  on  card  J18. 

2.1.2  Speed  Feedback  Signals 

Rotational  speed  feedback  signals  are  obtained  from  the  engine, 
the  hydrostatic  land  drive  motors,  the  sprockets,  ai.d  the  waterjet  motors. 
These  signals  are  used  in  the  software  to  make  power  and  performance  calcula¬ 
tions  as  well  as  during  shifting  operations  where  these  speed  signals  are  used 
to  synchronize  motor-to-clutch  speeds. 

These  speeds  are  obtained  through  Frequency  to  Digital  (F/D) 
converters.  In  principle  these  converters  determine  the  number  of  Internal 


2.1 


Table  2.0-1.  Iviput/Output  Signal  Listing  by  Pin  Number  for  the  SC-1  Computer 


J7  Pulse  Width  Modulated  (PWM)  Output  Signal 
PI  Desired  Low  Clutch  Valve  Voltage  (DLCVV) 

P2  Desired  High  Clutch  Valve  Voltage  (DHCVV) 

P3  Desired  Engine  Speed  (DESl 

P4 

P5  Ground 

08  Pulse  Width  Modulated  (PWM)  Output  Signal 
PI  Port  Forward  Transmission  Vilve  Voltage  (PFTVV) 

P2  Starboard  Forward  Transmission  Valve  Voltage  (SFTVV) 
P3  Port  Aft  Transjuission  Valve  Voltage  (PATVV) 

P4  Starboard  Aft  Transmission  Valve  Voltage  (SATVV) 

P5  Ground 

09  Digital  to  Analog  Converter 

PI  Read  Engine  Speed  (RES) 

P4  Read  Port  Motor  Speed  (RPMS) 

P6  Read  Starboard  Motor  Speed  (RSHS) 

P9  Computer  Ground 

PIO  Read  Port  Sprocket  Speed  (RPSS) 

Pll  Read  Starboard  Sprocket  Speed  (RSSS) 

Oil  Frequency  to  Digital  (F/0)  Converter 

Pll  Ground 

P16  Input  Actual  Port  Motor  Speed  (lAPMSP) 

P17  Input  Actual  Starboard  Motor  Speed  (lASMSP) 

P18  Input  Actual  Port  Sprocket  Speed  (lAPSSP) 

P19  Input  Actual  Starboard  Sprocket  Speed  (lASSSP) 


2.2 


Table  2.0-1.  Input/Output  Pin  Number  for  the  SC 


J12  Frequency  to  Digital  (F/D)  Converter 
Pll  Ground 

P16  input  Actual  Port  Waterjet  Speed  (lAPWSP) 

P17  input  Actual  Starboard  Waterjet  Speed  (lASWSP) 

P18  Input  Actual  Engine  Speed  (lAENSP) 

P19 

013  Analog  to  Digital  (A/D  Converter 

PI  input  Desired  High  Motor  Speed  (IDHMSP) 

P2  Input  Desired  High  Motor  Speed  Ratio  (IDHMSRl 

P3  Input  Desired  Turn  Ratio  (IDTRMRl 

P4  Input  Port  Bucket  Angle  (lAPBCN) 

P5  Input  Starboard  Bucket  Angle  (lASBCNl 

P6 

P7 

P8 

P9  Ground 
PIO  Ground 
Pll  Ground 
P12  Ground 
P13  Ground 
P14  Ground 
P15  Ground 
P16  Ground 
P17  Computer  Ground 

014  Analog  to  Digital  (A/D)  Converter 

Dv*dCCUV»a  (TPFMPRi 

Pi  input  porx.  nvwwi  %.r . 

P2  Input  starboard  Forward  Motor  Pressure  (ISFMPR) 
P3  Input  port  Aft  Motor  Pressure  (IPAMPR) 

P4  input  Starboard  Aft  Motor  Pressure  (ISAMPR) 

P5  Input  Port  Hydraulic  Oil  Temperature  (IPHOTM) 


-1  Computer 
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V  Table  2.0-1.  Input/Output  Signal  Listing  by  Pin  Number  for  the  SC-1  Computer 

(Continued) 

P6  Input  Starboard  Hydraulic  Oil  Temperature  (ISHOTH) 

P7  Input  Engine  Coolant  Temperature  (lENCTM) 

P8 

P9  Ground 

PIO  Ground 

Pll  Ground 

P12  Ground 

P13  Ground 

P14  Ground 

PIS  Ground 

P16  Ground 

P17  Computer  Ground 

P18  Computer  Ground 

015  Analog  to  Digital  (Aux  Analog  In)  (Required  Separate  Connector  on  SC-1 
Computer  Enclosure) 

PI 

P2 

P3 

P4 

P5 

P6 

P7 

P8 

P9  Ground 
PIO  Ground 
Pll  Ground 
P12  Ground 
P13  Ground 
P14  Ground 

T 

i 


Table  2.0-1.  Input/Output  Signal  Listing  by  Pin  Number  for  the  SC-1  Computer 

(Continued) 


P15  Ground 
P16  Ground 
P17  Computer  Ground 

P18  Computer  Ground 

J16  Parallel  I/O  (Switch  Closures  to  Ground) 

PI  Clamp  (+24) 

P18  Desired  Suspension  Up  Valve  Status 

P17  f;esired  Suspension  Down  Valve  Status 

P16  Desired  Secondary  Cooling  Fan  4  gpm  Valve  Status 

P15  Desired  Secondary  Cooling  Fan  8  gpm  Valve  Status 

P14  Desired  Electric  Bilge  Pump  Activation 

P13 

P12  Desired  Starboard  Bucket  Counterclockwise  Valve  Status 
Pll  Desired  Starboard  Bucket  Clockwise  Valve  Status 
PIO  Clamp  (+24) 

P9 

P8 

P7 

P6 

P5 

P4 

P3 

P2 

P20  Clamp  <+24) 

P28  Low  Brake  and  Clutch  Lube  Pressure  Switch  Status 

P27  Low  Brake  Release  Pressure  Switch  Status 

P26  Low  Brake  Supply  Pressure  Switch  Status 

P25  Low  Port  Charge  Pump  Pressure  Switch  Status 

P24  Low  Starboard  Charge  Pump  Pressure  Switch  Status 

P23  Hydraulic  Filter  By-Pass  Switch  Status 

P22  Port  1  Suspension  Component  Switch  Status 


2„5 


Table  2.0-1.  Input/Output  Signal  Listing  by  Pin  Mumber  for  the  SC-1  Computer 

(Continued) 

P21  Port  2  Suspension  Component  Switch  Status 

P19  Port  3  Suspension  Component  Switch  Status 

P29  Cathode  Signal  Return 

P36  Port  4  Suspension  Component  Switch  Status 

P35  Port  5  Suspension  Component  Switch  Status 

P34  Low  Suspension  System  Supply  Pressure 

P33 

P32 

P3i 

P30 

P37  Signal  Return  for  Computer 

J17  Parallel  1/0  (Switch  Closure  to  Ground) 

PI  Clamp  (+24) 

P18 

P17  Desired  Primary  Cooling  Fan  on  Valve  Status 

P16  Desired  Primary  Cooling  Fan  Stop  Valve  Status 

P15  Desired  Secondary  Grill  Open  Valve  Status 

P14 

P13  Desired  Seawater  Pump  Activation 

P12  Desired  Vlaterjet  By-Pass  Valve  Status 

Pll  Desired  Waterjet  No  By-Pas  Valve  Status 

PIO  Clamp  (+24) 

P9 

P8 

P7 

P6 

?5 

P4 

P3 

P2 
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Table  2.0-1.  Input/Output  Signal  Listing  bv  Pin  Number  for  the  SC-1  Computer 

(Continued) 


P20  (Clamp  (+24) 

P28  Starboard  1  Suspension  Component  Switch  Status 

P27  Starboard  2  Suspension  Component  Switch  Status 

P26  Starboard  3  Suspension  Component  Switch  Status 

P25  Starboard  4  Suspension  Component  Switch  Status 

P24  Starboard  5  Suspension  Component  Switch  Status 

P19 

P29  Cathode  Signal  Return 

P36  Low  Vehicle  System  Voltage  Switch  Status 

P35  Low  Control  System  Voltage  Switch  Status 

P34  High  Vehicle  System  Voltage  Switch  Status 

P33  High  Contirol  System  Voltage  Switch  Status 

P32  primary  Grill  Closed  Switch  Status 

P30 

P37  Signal  Return  for  Computer 

J18  Parallel  I/O  (Positive  Voltage  to  Card) 

PI  Clamp  (+24) 

P18  Desired  Motor  No  By-Pass  Valve  Status 

P17  Desired  Port  Bucket  Counterclockwise  Valve  Status 

P16  Desired  Port  Bucket  Clockwise  Valve  Status 

P15  Desired  Primary  Grill  Closure  Valve  Status 

P14  Desired  Primary  Grill  Open  Valve  Status 

P13  Desired  Hydraulic  Bilge  Pump  Valve  Activation 

P12  Desired  Hydraulic  By-Pass  Valve  Status 

Pll  Desired  Motor  By-Pass  Valve  Status 

PlO  Clamp  (+24) 

P9 

P8 

P7 

P6 

P5 
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Table  2.0-1.  Input/Output  Signal  Listing  by  Pin  Number  for  the  SC~1  Computer 

(Continued) 


P4 

P3 

P2 

P20  Clar^ip  (+24) 

P28  Aft  Electric  Bilge  Pump  Activation  Status 

P27  Seawater  Pump  Activation  Status 

P26  Hydraulic  Bilge  Pump  Valve  Activation  Status 

P25  Forward  Electric  Bilge  Pump  Activation  Status 

P24  Desired  High  Gear  Selector  Switch  Status 

P23  Desired  Low  Gear  Selector  Switch  Status 

P22  Desired  Seaborne  Mode  Selector  Switch  Status 

P21  Desired  Transition  Mode  Selector  Switch  Status 

P19  Desired  Landborne  Mode  Selector  Switch  Status 

P29  Cathode  Signal  Return 

P36  Desired  Drive  Selector  Switch  Status 

P35  Desired  Neutral  Selector  Switch  Status 

P34  Desired  Reverse  Selector  Switch  Status 

P33  Desired  Park  Selector  Switch  Status 

P32  Fire  Sensed  Switch  Status 

P31  Low  Scavenge  Pump  Pressure  Switch  Status 

P30 

P37  Signal  Return  for  Computer 
J21  Not  Used 

022 

P  A  +24 

B  Pwr  Rtn 
C  Ground 


Table  2.0-1.  Input/Output  Signal  Listing  by  Pin  Number  for  the  SC-1  Computer 

(Continued) 

J23  Not  Used 

J2fi  Not  Used 

J25 

PI  +24 

P2  High  Level  Output  (Forward  Electric  Bilge  Pump  Activation) 

P3  Low  Level  Input 

P4  +24 

P5  High  Level  Output  (Aft  Electric  Bilge  Pump  Activation) 

P6  Low  Level  Input 

P7  +24 

P8  High  Level  Output  (Suspension  Down  Valve  Activation) 

P9  Low  Level  Input 

PIO  +24 

Pll  High  Level  Output  (Suspension  Up  Valve  Activation) 

Pit  Low  Level  Input 

P13  +24 

P14  High  Level  Output 
PI 5  Low  Level  Input 

P16  +24 

P17  High  Level  Output 
P18  Low  Level  Input 

P19  +24 

P20  High  Level  Output 
P21  Low  Level  Input 

P22  +24 

P23  High  Level  Output 
P24  Low  Level  Input 


Table  2.0-1. 


Input/Output  Signal  Listing  by  Pin  Humber  for  the  SC~1  Computer 
(Continued) 


J26 

PI  +24 

P2  PWH  Output  (Desired  Low  Clutch  Valve  Voltage  (DCLVV)) 

P3  PWM  Input  from  J7-1 

P4  +24 

P5  PWM  Output  (Desired  High  Clutch  Valve  Voltage  (DCLVV)) 

P6  PWM  Input  from  J7-2 

P7  +24 

P8  PWM  Output  (Output  Desired  Engine  Speed  (DES)) 

P9  PWM  Input  from  J7-3 

PIO  +24 

Pll  PWM  Output 

P12  PWM  Input  from  J7-4 

P13  +24 

P14  PWM  Output  (Desired  Port  Forward  Transmission  Valve  Voltage  (OPFTVV)) 
P15  PWM  Input  from  J8-1 

P16  +24 

P17  PWM  Output  (Desired  Starboard  Forward  Transmission  Valve  Voltage 
(DSFTVV) 

P18  PWM  Input  from  08-2 

P19  +24 

P20  PWM  Output  (Desired  Port  Aft  Transmission  Valve  Voltage  (DPATVV)) 

P21  PWM  Input  from  08-3 

P22  +24 

P23  PWM  Output  (Desired  Starboard  Aft  Transmission  Valve  Voltage  (OSATVV)) 
P24  PWM  Input  from  08-4 
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Table  2.0-1.  Input/Output  Signal  Listing  by  Pin  Humber  for  the  SC-1  Computer 

(Continued) 

o27 

PI 

P2 

P3 

P4 

P5 

P6 

P7 

P8 

P9 

PIO  +5V 
Pll  +5V 

P12  Reset  Switch  Lead  (Spring  Loaded  Normally  Open) 

P13  Reset  Switch  Lead 

P14 

P15 

P16 

P17 

P13 

P19 

P20 

P21 

P22 

P23 

P24 

P25 

J28  (iS  232  in  ter  face 

PI 

P2  Xmit 

P3  Rev 

P4 
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Table  2.0-1.  Input/Ootput  Signal  Listing  by  Pin  Number  for  the  SC-1  Computer 

(Continued) 


P5 

P6 

P7 

P8 

P9 

PIO 

Pll 

P12 

P13 

PU 

P15 

P16 

P17 

P18 

P19 

P20 

P21 

P22 

P23 

P2<1 

P25 


Sig  Ret 


+15V 
Pwr  Rtn 
-15V 


J29 

P  A  +24V 

B  Pwr  Rtn 
C  Ground 
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DKSIRED  TURK  RATIO  (DTR) 


SCaarlnR  Hcchanlam  Displacement  (DeKreai) 


Pot  Rotation:  degteas  ■*  Steering  Mechanism  Rotation; 


Pot  Rasiatance:  RO 


Pot  Rotation:  degrees 

3aQ 


')  M 


degrees  +32.48 


Pot  Voltage:  VDC  •  (2(RaA)  (Pot  Realstance:  kO) 


Micro  Integer  Value  ■ 


Pot  Voltage:  VDC 


For  Left  Turns 

Micro 

Desired  Turn  Ratio  -  (.00097)  Integer  -.0,4 

Velue 


for  Right  Turni 

Micro 

Desired  Turn  Ratio  “  (-00097)  Integer  +  2.587 

Value 


1  -  WV_  -  20  bA 
1  kf) 


Figure  2.1-1  Steering  Mechanism  Displacement 
Signal  Relationships 
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D«alE«d  High  tiocoi:  Spaad  (DHltS) 


0  2.6  22.4  25 

Accalaracoc  Padal  DluplacaManC  (dagraaa) 
Pot:  Raslacanc*  Ikn  -  (AcutlataCoi  Diaplacaaiaac i  dagcaaa) 

Pot  ilaai.3Cat>c*t  kO  ••  (Accalatator  DlapUcatiant t  dcgraaa) (.0345)  4-  .069 


VolCaga  Signal  To  Micro;  VDC  >  (Pot  Raalatancai  kfl)(S«A) 


Intagar  Vain.  In  Micro  -  Mt«&;L£iaPjl-£o  Micro 

dVOC 

3000  -  3440*  +  y 
0  •  655*  4  V 
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*  -  1.077 
y  -  -705.6 


3ld) 

IkO 


Dailrad  High  HoCor  Spaad;  Ep«  ••  1.077  (Micro  Intagar  Value)  -705.6 


RxBax  -  IkO  -  .1)69  U)  -  .9310 


Figure  2.1-2  Accelerator  Pedal  Displacement 
Signal  Relationships 
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Oaairad  High  Motor  Spood  Ratio  (DHtiSR) 


Pot  Railacanca;  kfl 


Btaka  Padal  Dliplacuiaot  (Dsgraaa} 
(Braka  Padal  Dlaplaceneatt  *0^9 


Pot  Raalatancai  kfl  -  (Braka  Padal  Dlaplacaaanc:  dagroMa)(.0287)  .069 


Voltaga  Signal  to  Microji  VDC  •  (Pot  Raalatancai  kn>(5BA) 


1,0  “  1440*  +  y 
0  ■  655*  -t-  y 
1.0  -  2781* 

*  -  .0003591 
y  •  .2352 


5VDC  *  (llai)(l) 
1  -  5aA 

Uaaliad  High  Motor  Spaad  Ratio  ■■  .0003391  (Micro  Intagar  Valua)  ~  .2352 


Figure  2.1-3  Brake  Pedal  Displacement 
Signal  Relationships 
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clock  counts  (from  an  Internal  clock  that  pulses  at  a  rate  of  5.1177  x  10^ 
counts/sec)  that  occur  between  the  passage  of  gear  teeth.  This  provides  a 
direct  period  of  measurement  of  the  gear  tooth  passage  which  can  be  directly 
converted  to  rotational  speed.  Figures  2.1-4,  -5,  -6  and  -7  present  the 
relationships  between  speed  and  computer-integer  value  for  the  engine,  land 
drive  motors,  sprockets  and  waterjet  motors,  respectively. 

2.1.3  Waterjet  Bucket  Angle  Signals 

While  in  the  transition  or  seaborne  mode  of  operation,  the 
waterjet  buckets  are  rotated  to  generate  turning  forces.  The  steering 
mechanism  displacment  dictates  the  desired  waterjet  bucket  rotation  angle. 
Each  waterjet  bucket  position  is  individually  monitored  to  determine  if  it 
should  be  rotated  clockwise,  counterclockwise,  or  if  its  position  is 
satisfactory.  Feedback  signals  or  the  actual  wacerjet  bucket  position  are 
used  for  this  analysis.  Figures  2.1-8  and  -9  provide  the  port  starboard 
waterjet  bucket  angle-to-computer  software  integer  value  relationships. 

2.1.4  hydrostatic  Transmission  Pressure  Signals 

Hydrostatic  transmission  feedback  signals  are  used  to  determine 
the  torques  on  the  hydrostatic  motors  and  power  requirements  during  transition 
and  seaborne  operation.  Current  loop  pressure  transmitters  are  used  for  this 
application  which  have  a  10,000  psi  working  pressure  rating.  The  pressure- 
to-computer  Integer  relationship  for  these  devices  is  presented  in  Figure 
2.1-10. 

2.1.5  Working  Fluid  Temperature  Signals 

During  vehicle  operation,  the  port  and  starbord  hydraulic  oil 
temperatures  and  engine  coolant  temperature  are  continuously  monitored  to 
determine  when  the  various  cooling  fans  should  be  activated  and  when 
over-temperature  conditions  exist.  Resistance  thermometer  devices  (RTDs)  are 
used  in  this  application  in  combination  with  current  loop  transmitters  which 
convert  the  low  level  RTD  voltage  signal  to  a  current  signal.  Figure  2.1-11 
relates  the  RTD  output  current  signal -to-computer  software  integer  value 
rel ationships. 

2.1.6  Digital  Input  Signals 

The  digital  input  signals  listed  in  Table  2.0-1  consist  of  two 
major  types  which  can  be  thought  of  as  either  switch  signal  closing  to  grr 
or  a  switch  signal  closing  to  a  voltage  source.  The  input  signals  associu 
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Figure  2.1-4  Engine  Speed  Signal  Relationships 
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Actual  Pact  Mucoc  Spaad  (APKSP) 
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Figure  2.1-5  Land  Drive  Motor  Speed 
Signal  Relationships 
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Figure  2.1-6  Sprocket  Speed  Signal  Relationships 
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Figure  2.1-7 


Water jet  Speed  Signal  Relationships 
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Figure  2.1-8  Port  B  .ket  Angle  Signal  Relationships 
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Figure  2,1-9  Starboard  Bucket  ,.ng1e 
Signal  Relationships 
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Figure  2.1-10  Hydrostatic  Pressure  Signal  Relationships 
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Figure  2.1-11  Temperature  Signal  Relationships 
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with  the  J16  and  J17  parallel  I/O  cards  are  switch  closures  to  ground,  while 
the  Input  signals  associated  with  JIS  are  switch  closures  to  a  voltage  supply. 

For  switch  closures  to  ground,  the  computer  parallel  I/O  cards  (Digital 

In/Digital  Out)  cards  must  provide  the  power  necessary  to  provide  a  signal 
when  the  switch  Is  closed  to  ground  Indicating  an  error  condition.  In  this 

case  the  parallel  I/O  card  acts  as  a  current  source.  Uhen  the  switch  Is 

closed  to  a  voltage  source  Indicating  an  error  condition,  however,  the 
parallel  I/O  card  must  act  as  a  current  sink.  Figures  2.1-12  and  -13  provide 
electrical  schematics  of  these  two  signal  types  and  their  connection  to  the 
parallel  I/O  card. 

2.2  SC-1  Computer  Output  Signals 

2.2.1  Digital  Output  Signals 

The  digital  output  signals  generated  by  the  computer  are 
presented  in  Table  2.0-1  on  I/O  cards  J16-J18.  For  all  of  these  signals  the 
parallel  I/O  card  acts  like  a  current  sink.  Since  all  of  the  digital  output 
signals  are  driving  high  power  level  Inductive  devices,  a  relay  circuit  is 
provided  to  allow  the  low  level  computer  signal  to  energize  the  motor  or  valve 
solenoid  Inductive  devices.  A  typical  schematic  for  these  circuits  Is  shown 
In  Figure  2.2-1. 

2.2.2  Pulse  Width  Modulated  (PWM)  Output  Signals 

PWM  signals  are  provided  to  drive  the  transmission  control 
valves,  clutch  control  valves,  and  engine  governor  controller.  These  s  gnals 
are  generated  at  a  low  voltage  value,  45V,  In  the  microcomputer  I/O  chassis 
and  are  upgraded  to  the  +24V  signal  level  and  1.0  amp  power  level  through  the 
use  of  bipolar  junction  transistor  driver  circuits  also  housed  within  the  I/O 
chassis. 

These  sig-  als  are  all  operated  with  a  fixed  frequency  of  300  hz 
and  duty  cycles  variable  between  0.0  and  100.0  percent.  This  yields  average 
voltage  levels  variable  between  0.0  and  24.0  volts. 

2.3  SC~1  Computer  Description 

An  outline  drawing  of  the  computer  Illustrating  the  location  of 
the  various  I/O  functions  (F/A,  A/0,  D/A,  PWM,  an  Parallel  I/O)  Is  presented 
as  Figure  2.3-1.  This  figure  can  be  compared  to  the  signal  listing  provided 
as  Table  2.0-1  to  obtain  a  visual  Indication  of  where  the  Input  and  output 
signals  will  be  received  and  transmitted  by  the  computer. 
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Figure  2.1-12  Digital  Input  Signal  Schematic 
as  a  Switch  Closure  to  Ground 
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Figure  2.1-13  Digital  Input  Signal  Schematic  as  a 
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The  SC-1  uses  the  5  MHz  Intel  8086  central  processing  unit  In 
unison  with  the  Intel  8087  math  processor  and  8089  Input/Output  processor,  all 
very  large-scale  Integration  (VLSI)  processors.  All  reside  on  the  system's 
local  bus.  A  block  diagram  of  the  computer  is  shown  in  Figure  2.3-2  and  Table 
2.3-1  summarizes  the  SC-l's  general  specifications. 

In  its  current  configuration,  the  SC-1  uses  a  tri -processor 
configuration  to  provide  increased  throughput.  Using  the  8086 's  pipelined 
architecture,  a  great  amount  of  parallel  processing  can  be  achieved.  The  8037 
Is  a  purely  numeric  processor  and  can  execute  some  numerical  instructions  500 
times  faster  than  those  instructions  emulated  from  an  8086, 

Tlie  Intel  8089  is  a  dedicated  I/O  processor.  It  communicates 
with  an  I/O  expander  unit  which  houses  A/D,  D/A  and  F/V  converters,  and  a 
parallel  I/O  board.  The  8089  reads  vehicle  Inputs  at  the  I/O  expander  and 
places  them  in  main  memory  where  the  applications  program  can  process  them. 
It  also  reads  a  block  of  data  from  memory  which  represents  control  outputs  and 
sends  them  to  the  I/O  expander. 

The  SC/1  has  three  subsystems  of  memory.  First,  there  Is  a  128K 

bubble  memory  unit  to  store  the  monitor  and  application  programs.  Second, 

there  are  also  2K  bytes  of  static  RAM  for  use  as  a  system  stack.  Last,  for 
main  memory,  there  are  128K  bytes  of  fault  tolerant  dynamic  RAM.  This  DRAM 
provides  single-bit  failure  detect/correct  and  multi-bit  failure  detect  for 
the  main  memory. 

To  further  mitigate  the  effects  of  a  momentary  software  failure, 
a  watchdog  timer  is  provided  in  the  circuit.  The  timer  receives  a  signal 
every  100  msec  from  the  software.  If  for  some  reason  the  software  "lf»;t  up“, 
a  hardware  reset  is  initiated  and  the  program  reboots  from  PROM,  txecution 
restarts  with  a  fresh  copy  of  the  software  without  the  operator's  inter¬ 
vention.  A  checksum  over  the  application  program  provides  a  secondary 

verification.  The  checksum  is  computed  every  100  msec.  This  checksum  is 
compared  to  the  original  value  sorted  in  PROM.  If  there  is  a  discrepancy,  the 
program  has  been  inadvertently  changed.  Therefore,  a  hardware  rest  and  soft¬ 
ware  reload  is  initiated. 

The  SC-l's  performance  has  been  validated  through  many  different 
environmental  tests  to  make  it  acceptable  to  military  and  commercial  applica¬ 
tions.  It  has  operated  successfully  through  vibration  tests  to  warrant  use  on 
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Block  diagram  of  SC- 1  computer. 


Figure  2.3- 


INTERRUPTS  FROM 
8087.8089  b  ERROR  CORR.  UNIT 


Figure  2,3-2  Block  DUgram  of  the 
SC-1  Computer 
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Table  2.3-1  General  Specifications  for  SC-1  Computer 


Configuration 

8086/8027/8089  triprocessor  on  local  bus 


Word  Size 

Instructions:  8,  16,  24  or  32  bits 
Data:  8,  16  bits  (single  word  =  16  bits) 

C^>cle  Time 

Basic  Instruction  cycle:  0.8  s  (Instruction  not  1n  queue) 


Memory  Capacity 

Onboard  Bubble:  128K  bytes  (expandable  to  256K) 

Onboard  DRAM:  128K  bytes  (error  correcting  single-bit  detect/ 

correct;  multi-bit  detect) 

Onboard  SRAM:  2K  bytes 


I/O  Capacity 

Parallel;  48  lines  programmable  (8255s),  using  two  parallel  Inter¬ 
face  adapters  (equipped  with  LSI  controller  to  emulate 
IBM-360  I/O  channel  handshaking). 

DMA:  Two  l6-b1t  DMA  ports,  at  IM-bytes  max  transfer  rate 

Serial;  RS-232  port,  controlled  by  USART  for  both  standard 
asynchronous  or  synchronous  (8251A)  communications 

Interrupts 

Two  8-1nput  priority  interrupt  controllers  (15  hardware  vectored 
Interrupt  lines  available).  Software  configured  for  input  priori¬ 
ties  and  mode  (8259As). 


Timer 

Two  timers,  each  equipped  with  three  16-b1t  Interval  timers.  (Timer 
outputs  available  as  Interrupt  inputs.)  Software  configured  for  mode 
and  rate  (8253s). 

Power  Consumption 
20W 

Weight 

9.38  lb 
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any  application.  The  SC-1  cart  operate  1r\  a  pure  vacuum  and  In  the  temperature 
range  of  -40®  to  +80®C.  All  power  Is  dissipated  through  the  base  plate;  no 
fan  Is  required.  The  micro  also  has  proven  electromagnetic  compatibility. 

2.4  CONTROL  SYSTEM  HARDWARE  CONFIGURATION 

The  hardware  of  the  overall  control  system  Is  Illustrated  In 
Figure  2.4-1.  The  system  consists  of  the  SC-1  Computer,  the  Mllltope 
Recorder,  the  Terra  computer,  junction  boxes  1,  2,  and  3,  and  the  Intercon¬ 
necting  wiring. 

Southwest  Research  Institute  Drawl ttg  No.  A10048  shows  the  main 
power,  ground,  and  shielding  electrical  schematic  within  Junction  Box  1. 
Hydraulic,  automotive,  and  control  system  power  and  ground  ai e  received 
through  connectors  J42-J44  of  Junction  Box  1.  From  these  connections,  the 
power  and  ground  sources  are  distributed  within  Junction  Box  1  via  Deutsch 
connectors. 

Appendix  B  of  this  report  presents  Individual  circuit  schematics 
for  all  of  the  signals  presented  In  Table  2.0-1.  These  schematics  have  been 
prepared  as  a  design  and  diagnostics  aid  for  the  system  checkout  and  field 
diagnostics.  The  power,  ground,  and  shielding  portions  of  these  Individual 
circuit  diagrams  are  developed  to  the  point  where  the  connect  with  the 
distribution  hardware  presented  In  Figure  2.3-1.  This  must  be  noted  when 
reviewing  each  Individual  circuit. 

A  completed  set  of  electrical  schematics  and  stick-line  drawings 
are  provided  under  separate  cover.  These  drawings  Include  the  following: 

0  Computer  to  computer  enclosure  Interconnections 
0  Computer  enclosures  to  Junction  Box  1,  and  Terra  computer, 
and  Mlltope  recorder  Interconnections 
0  Junction  Sox  1  Schematic,  Dwg,  No.  A10048 
0  Junctions  Box  1  to  engine  cooipartment  sensors  and  actuators, 
and  to  Junction  Boxes  2  and  3  interconnections 
0  Junction  Box  2  Schematic 

0  Junction  Box  2  to  aft  vehicle  drlvetraln  sensor  and  actuator 
Interconnections 
0  Junction  Box  3 

0  Junction  Box  3  to  mid-vehicle  drlvetraln  sensor  and  actuator 
Interconnections. 
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3.0  ATR  SOFTWARE  DESCRIPTION 

3.1  ATR  SOFTWARE  OVERVIEW  AND  FLOWCHART 

The  software  for  the  ATR  1s  divided  Into  five  parts  as  follows: 

0  Initialization 
0  MAIN  Program 

0  Input/Conversion  Subroutines 
0  Calculation  Subroutines 
0  Output  Subroutines 

The  overall  structure  cf  the  ATR  software  Is  designed  to  avoid  recursive 
subroutine  calls,  GOTO's,  and  bit  tests  (where  the  result  is  not  obvious) 
through  the  use  of  logical  variables  {.TRUE.  .FALSE.).  In  addition,  logical 
variables  are  used  In  the  MAIN  program  structure  to  reference  when  subroutines 
such  as  SHIFT  and  CHOMP  have  been  called. 

Figure  3.1-1  provides  the  main  flowchart  for  the  ATR  program. 
Each  of  tho  program  segments  are  Idnividually  described  In  the  following 
sections. 

3.1.1  Initialization 

The  function  of  the  Initialization  section  Is  to  set  all  error 
flag-,  to  .FALSE.,  configure  the  vehicle  to  the  transition  mode  and  to  suppress 
the  display  of  error  messages  until  the  vehicle  is  operating. 

Called  from:  Nowhere  (part  of  ATR  MAIN  program) 

Called  when:  Vehicle  is  first  started  or  when  It  is  determined 
that  the  vehicle's  engine  has  stopped  running. 

Sequence  of  Events 

When  power  Is  first  turned  on  or  the  engine  has  stopped  running: 
Set  error  flags  to  .FALSE. 

Set  all  other  variables  to  Initial  values. 

When  the  engine  has  started; 

Turn  off  hydraulic  by-pass  valve. 

Output  standard  wait  message. 

Configure  vehicle  to  transition  mode. 

Walt  30  seconds  for  the  suspension  to  extend. 
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The  ATR  MAIN  program  functions  as  a  driver  for  the  subroutines 
contained  within  the  ATR  main  loop.  The  ATR  main  loop  is  defined  as  those 
subroutines  contained  within  the  input/conversion,  calculation,  and  output 
sections  of  the  program. 

Called  from:  Nowhere  (starts  execution  when  the  vehicle  is 
started) 

Called  when:  The  SC-1  is  turned  on 


Sequence  of  Events 


Call  SEGMT. 
Call  SENGER. 
Call  SEVOS. 
Call  SEASA. 
Call  ANLGIN. 
Call  FREQIN. 


Are  we  presently  shifting?  Yes,  Call  SHIFT. 

Is  a  shift  Requested?  Yes,  Call  SHIFT. 

Has  CHOMP  set  a  timer  delay?  Yes,  if  delay  finished  call  CHOMP. 
Are  we  presently  changing  modes?  Yes,  Call  CHOMP. 

Is  a  mode  change  requested?  Yes,  Call  CHOMP. 

Did  CHOMP  Call  SHIFT?  Yes,  continue  at  the  output  section. 

Call  DEMOS. 

Is  the  vehicle  in  drive  or  reverse?  Yes,  Call  TREP. 

Call  ECAN. 

Is  the  vehicle  in  drive  or  reverse?  Yes,  call  ANTSTl.. 

Call  PWMOUr. 

r  1 1  cnnniiT 
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Is  the  engine  still  running?  Yes,  loop  back  to  Call  SEGMT. 

No,  loop  back  to  initialization. 

3.1.3  Input/Conversion  Subroutines 

These  subroutines  have  the  task  of  decoding  and  error  checking 
the  digital  inputs  in  the  SEGMT,  SENGER,  SEVOS,  and  SESEA  subroutines.  And 
converting  to  engineering  units  and  error  checking  the  analog  Inputs  in  the 
ANLGIN  and  FREQIN  subroutines. 
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3. 1.3.1  Subroutine  SEGMT 

The  subroutine  SEGMT  (Set,  Error  check.  Gear,  Mode,  Transmis¬ 
sion)  Is  used  to  set  and  error  check  the  variables  associated  with  the  gear 
selector  switches,  the  mods  selector  twitches,  and  the  transmission  selector 
switches. 

Called  from:  MAIN 

Called  when:  Each  time  through  the  loop 

Sequence  of  Events 
Get  fran  Common  DIG1N(3) 

Select  from  0IGIN(3)  the  bits  to  be  checked  for  the  Mode 
Switches  and  plac;  the  bits  into  TLTS. 

Select  from  D1GIN(3)  the  bits  to  be  checked  for  the  Transmission 
Switches  and  place  the  bits  into  TPNRl) 

Select  from  DIG1N(3)  the  bits  to  be  checked  for  the  Gear 
Switches  and  place  the  bits  Into  TOGS 
Check  to  see  if  the  Mode  selector  is  in  LAND,  or  TRNSTN,  or  SEA. 
If  Mode  Selector  is  not  in  one  of  these  positions  then  set  the 
Mode  Selector  Switch  Failure  (MSSF)  error  flag  to  .TRUE, 

Set  a  default  value  equal  to  Transition  mode  of  operation. 

Check  to  see  of  the  transmission  selector  is  in  PARK  or  MTRAL  or 
REVRSE  or  DRIVE. 

If  the  Transmission  Selector  is  not  in  one  of  t’.,ese  positions 
then  set  the  Transmission  Selector  Switch  Failure  (TSSF)  error 
flag  to  .TRUE. 

Set  a  default  value  of  DRIVE. 

Check  to  see  if  Gear  Selector  is  in  either  HIGH  or  LOW. 

If  Gear  Selector  is  not  in  one  of  these  positions  then  set  the 
Gear  Selector  Switch  Failure  (6SSF)  error  flag  to  .TRUE. 

3. 1.3. 2  Subroutine  SENGER 

The  subroutine  SENGER  (Set  ENGine  ERrors)  is  used  Is  used  to 
check  for  failures  in  the  vehicle's  oil,  hydraulic,  and  coolant  systems. 

Called  "rom;  MAIN 

Called  when:  Each  time  through  loop 

3.4 


Sequence  of  Events 
Get  from  common  (DIGIN(l). 

Have  SBITS  select  the  bits  associated  with  the  following 
variables  and  place  them  In  the  variable  TEST. 

High  Engine  Oil  Temperature  Switch  Status 

Low  Brake  and  Clutch  Lube  Pressure  Switch  Status 

Low  Brake  Release  Pressure  Switch  Status 

Low  Brake  Supply  Pressure  Switch  Status 

Low  port  Charge  Pump  Pressure  Switch  Status 

Hydraulic  Filter  By-Pass  Switch  Status 

Low  Starboard  Charge  Pump  Pressure  Switch  Status 

Are  any  of  the  error  bits  .TRUE.? 

If  the  answer  is  “no“  then  do  not  set  the  Individual  error 
fl  ags. 

If  the  answer  Is  "yes"  then  set  the  individual  error  flags  to 
their  present  values  {.TRUE,  or  .FALSE.). 

Set  Low  Brake  and  Clutch  Lube  pressure  Switch  Failure  (LBCLSF) 
error  flag  to  present  value. 

Set  Low  Brake  Release  Pressure  Switch  Failure  (LBRPSF)  error 
flag  to  present  value. 

Set  Low  Brake  Supply  Pressure  Switch  Failure  (LBSPSF)  er»-or  flag 
to  present  value. 

Set  Hydraulic  Filter  By-PAss  Switch  Failure  (HFDPSF)  error  flag 
to  present  value. 

Set  Low  Starboard  Charge  Pump  Pressure  Switch  Failure  (LSCPSF) 
error  flag  to  present  value. 

Ge  from  common  DIGIN(2). 

Low  Engine  Oil  Pressure  switch  Status 
Low  Port  Hydraulic  Oil  Level  Switch  Status 
Low  Starboard  Hydraulic  Oil  Level  Switch  Status 
Are  any  of  the  error  bits  .TRUE.? 

If  the  answer  Is  “no"  then  do  not  set  the  Individual  error  flags. 
If  the  answer  is  "yes"  then  set  the  Individual  error  flags  to 
their  present  values  (.TRUE,  or  .FALSE.). 
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Set  Low  Engine  Oil  Pressure  Switch  Failure  (LEOPSF)  error  flag 
to  present  value. 

Set  Low  Port  Hydraulic  Oil  Level  Switch  Failure  (LPHLSF)  error 
flag  to  present  value. 

Set  Low  Starboard  Hydraulic  Oil  Level  Switch  Failure  (LSHLSF) 
error  flag  to  present  value. 

Have  SBIT3  select  the  bits  associated  with  the  following 
variables  and  place  them  in  the  variable  TEST. 

Low  Scavenge  Pump  Pressure  Status 

Fire  Sensed  Switch  Status 

Set  Low  Scavenge  Pump  Pressure  Failure  (LSPPSF)  error  flag  to 
present  value. 

Set  Fire  Sensed  Switch  Failure  (FIRESF)  error  flag  to  present 
value. 

If  FIRESF  .TRUE  »  close  primary  and  secondary  grills;  turn  off 
all  fans. 

3. 1.3. 3  Subroutine  SEVOS 

The  SEVOS  (Set  Errors  for  VOltage  and  Suspension)  subroutine 
checks  for  the  failure  of  prot  and  starboard  suspension  components,  along  with 
checking  for  vehicle  and  control  systems  over  or  under  voltages. 

Called  from:  MAIN 

Called  when:  Each  time  through  loop 

Sequence  of  Events 

Set  from  comnion  DIGIN(l). 

Have  SBITS  select  the  bits  associated  with  the  following 
variables  and  place  them  in  the  variable  TRPORT. 

Port  1  Suspension  Component  Switch  Status 
Port  2  Suspension  Component  Switch  Status 
Port  3  Suspension  Component  Switch  Status 
Port  4  Suspension  Component  Switch  Status 
Port  5  Suspension  Component  Switch  Status 


Get  from  coiwnon  D1GIN(2). 
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Have  SBITS  select  the  bits  associated  with  the  following 
variables  and  place  them  in  the  variable  TSTRBD. 

Starboard  1  Suspension  Component  Switch  Status 
Starboard  2  Suspension  Component  Switch  Status 
Starboard  3  Suspension  Component  Switch  Status 
Starboard  4  Suspension  Component  Switch  Status 
Starboard  S  Suspension  Component  Switch  Status 
Low  Vehicle  System  Voltage  Switch  Status 
Low  Control  System  Voltage  Switch  Status 
High  Vehicle  System  Voltage  Switch  Status 
High  Control  System  Voltage  Switch  Status 

Are  there  any  .TRUE,  error  bits  in  the  variable  TPORT? 

If  the  answer  is  "no"  then  do  not  set  the  individual  error 
flags  to  their  present  values  {.TRUE,  or  .FALSE.). 

Set  Port  1  Suspension  Component  Switch  Failure  (PISCSF)  error 

flag  to  present  value. 

Set  Pert  2  Suspension  Component  Switch  Failure  (P2SCSr)  error 

flag  to  present  value. 

Set  Port  3  Suspension  Component  Switch  Failure  {P3SCSF)  error 

flag  to  present  value. 

Set  Port  4  Suspension  Component  Switch  Failure  (P4SCSF)  error 

flag  to  present  value. 

Set  Port  5  Suspension  Component  Switch  Failure  (P55CSF)  error 

flag  to  present  value. 

Arc  there  any  .TRUE,  error  bits  in  the  variable  TP0RT7 

If  the  answer  is  ''no"  then  do  not  set  the  Individual  error  flags. 

If  the  answer  is  "yes"  then  set  the  individual  error  flags  to 
their  present  values  (.TRUE,  or  .FALSE.). 

Set  Starboard  1  Suspension  Component  Switch  Failure  (SISCSF) 
error  flag  to  present  value. 
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Set  Starboard  2  Suspension  Component  Switch  Failure  (S2SCSF) 
error  flag  to  present  value. 

Set  Starboard  3  Suspension  Component  Switch  Failure  (S3SCSF) 
error  flag  to  present  value. 

Set  Starboard  ^  Suspension  Component  Switch  Failure  (S4SCSF) 
error  flag  to  present  value. 

Set  Starboard  S  Suspension  Component  Switch  Failure  (S5SCSF) 
error  flag  to  present  value. 

Set  Low  Vehicle  System  Voltage  Switch  Failure  (LVSVSF)  error 
flag  to  present  value. 

Set  Low  Control  System  Voltage  Switch  Failure  (HVSVSF)  erroi’ 
flag  to  present  value. 

Set  High  Control  System  Voltage  Switch  Failure  (HCSVSF)  error 

flag  to  present  value. 

3. 1.3. 4  Subroutine  StSEA 

The  subroutine  SESEA  (SEt  SEA/land  transition)  determines  the 
status  of  the  bilge  pumps,  and  ramp  and  grill  closures.  It  also  determines 
when  the  bilge  pumps,  ramp,  and  grill  are  In  the  proper  position  to  change  the 
mode  of  operation. 

Called  from:  MAIN 

Called  when:  Each  time  through  the  loop 

Sequence  of  Events 

Get  DIGIN{3)  from  common. 

Have  SBITS  select  the  bits  associated  with  the  following 

variables  and  place  them  In  the  variable  CKPUKP. 

AFT  Electric  Bilge  Pump  Activation  Status 
forward  Electric  Bilge  Pump  Activation  Status 
Hydraulic  Bilge  Pump  Valve  Activation  Status 

Get  DIG).N(2)  from  common. 

Have  SBITS  select  the  bits  associated  with  the  following 

variables  and  place  thesn  In  the  variable  CKRAMP. 
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Primary  Grill  Closed  Switch  Status 
Ramp  closed  and  Latched  Switch  Status 

Set  Aft  Electric  Bilge  Pump  Activation  Status  Flag  (AEBPSF)  to 
present  value. 

Set  Seawater  Pump  Activation  Status  Flag  (SEWPSF)  to  present 
val ue. 

Set  Hydraulic  Bilge  Pump  Valve  Activation  Status  Flag  (H3PVSF) 
to  present  value. 

Set  Forward  Electric  Bilge  Pump  Activation  Status  Flag  (FEBPSF) 
to  present  value. 

Set  Primary  Grill  Closed  Switch  Status  Flag  (PGCSSF)  to  present 
val ue. 

Set  Ramp  Closed  and  latched  Switch  Status  Flag  (RCLSSF)  to 
present  value. 

Are  all  pumps  on  and  everything  closed  and  locked? 

If  the  answer  is  "yes"  set  the  Land  to  Sea  Transition  Flag  to 
.TRUE. 

"No"  continue. 

Are  the  pumps  off  and  the  grill  open? 

If  the  answer  is  "yes"  set  t  e  Sea  Land  Transition  Flag  to  .TRUE. 

"No"  continue. 

3. 1.3.5  Subroutine  ANLGIN 

The  subroutine  ANLGIN  (ANaLoG  INputs)  converts  the  analog 
signals  from  the  steering,  brakes,  accelerator,  waterjet  bucket  positions,  and 
pressure  transducers.  In  addition,  ANLGIN  sets  the  error  flags  associated 
with  these  signals  and  generates  default  values  as  needed. 

Called  from:  MAIN 

Called  when:  Each  time  through  the  loop 
Sequence  of  Events 

Convert  port  and  starboard  bucket  angles  on  error  default: 
IJdegrees 

Convert  desired  high  motor  speed  on  error  high  default:  present 
value 
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Convert  desired  high  motor  speed  on  error  low  default:  0  rpm 

Convert  high  motor  speed  ratio  (brake  pedal)  on  error  default: 
0( brakes  fully  applied) 

Convert  desired  turn  ratio  on  error  default:  1  (straight  ahead) 

Conver  motor  pressures  on  error  high  default:  present  value 

Convert  motor  pressures  on  error  low  default;  3000  psi  {lb/1n‘‘) 

Convert  engine  coolant  temperature  on  error  default: 

Convert  hydraulic  oil  temperatures  on  error  default:  240®F 

3. 1.3. 6  Subroutine  FREQIM 

The  subroutine  FREQIN  (FREQuency  INputs)  converts  the  frequency 
signals  from  the  engine,  motor,  sprocket,  and  waterjet  magnetic  pickups.  In 
addition,  FREQIN  sets  error  flags  associated  with  these  signals  and  generates 
default  values  as  needed. 

Called  from:  MAIN 

Called  when:  Each  time  through  the  loop 
Sequence  of  Events 

Convert,  engine,  motor  sprocket,  and  water^fet  speeds. 

Check  for  engine  mag  pickup  failure. 

Check  for  motor  c.nd  sprocket  and  waterjet  failures  only  when  in 
drie  or  reverse. 

Check  for  motor  and  sprocket  failuf's  only  when  in  land  or 
transition  modes. 

Check  for  waterjet  failures  only  when  in  transition  or  seaborne 
modes. 

On  error  default  value  for  motor  failures  is  derived  from 
sprocket  speeds. 

On  error  defalt  value  for  sprocket  failures  is  derived  from 
motor  speeds. 

On  error  default  value  for  water jets  in  transition  mode  is  from 
motor  speeds. 

On  error  default  value  for  waterjets  in  seaborne  mode  is  from 
either  port  or  starboard  waterjet. 
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3.1.4  Calculation  Subroutines 

These  subroutines  control  the  vehicle,  such  as  handling  mode 
changes  (CHOMP),  or  for  calculating  values,  suo.  as  total  required  engine 
power  (TREP).  The  subroutines  use  the  converted  values  from  the  input/ 
conversion  subroutines  as  well  as  any  error  or  status  flags  deemed  necessary. 

3. 1.4.1  Subroutine  SHIFT 

The  subroutine  SHIFT  determines  when  a  change  in  final  drie  gear 
ratios  is  allowable  and  when  allowable,  performs  the  shifting  sequence. 

Called  from:  MAIN  or  CHOMP 

Called  when:  Present  Final  Orive  Gear  Clutch  does  not  equal 
Desired  Final  Orive  Gear  Clutch 

3. 1.4.2  Subroutine  CHOMP 

The  subroutine  CHOMP  (Change  of  Operation  Mode)  determines  which 
of  four  mode  changes  is  desired,  (Land  to  Transition,  Transition  to  Sea,  etc.) 
and  then  calls  the  appropriate  subroutine  to  accomplish  that  specific  mode 
change. 

Called  from:  MAIN 

Called  when:  o  Timer  delay  is  complete 

0  In  the  mode  change  process 
0  A  mode  change  is  requested 

Sequence  of  Events 

If  PResent  Mode  Of  Operation  (PRMOOP)  is  equal  to  LAND  and 
Present  Desired  Mode  of  Operation  (PDMOOP)  is  equal  to  TRNSTN 
or  SEA  then  Present  Desired  Mode  of  Operation  must  (PDMOOP) 
equal  TRNSTN. 

Is  the  desired  mode  change  from  LAND  to  TRNSTN? 

If  the  answer  is  “ye'i"  call  subroutine  LNDTRN  (Land  to 
Transition) . 

If  the  answer  is  "no,"  is  the  desired  mode  change  from  TRNSTN  to 
LAND? 

If  the  answer  is  "yes,"  call  subroutine  TRNLND  (Transition  to 
Land) . 

If  the  answer  is  "no,"  is  the  desired  mode  change  from  SEA  to 
TRNSTN? 
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If  the  answer  is  "yes,"  call  subroutine  StATRN  (Sea  to  Transi¬ 
tion)  . 

If  the  answer  is  "no,"  is  the  desired  mode  change  from  TRNSTN  to 
SEA? 

If  the  answer  is  “yes"  then  call  subroutine  TRNSEA  (Transition 
to  Sea) . 

If  the  answer  is  "no,"  then  Return. 

It  should  be  noted  that  if  the  subroutine  LNDTRN  is  called,  its 
point  of  RETURN  in  the  CHOMP  subroutine  is  at  the  check  for  the  Transition  to 
Land  mode  change.  There  is  no  risk  of  calling  more  than  one  subroutine  each 
pass  through  CHOMP  because  the  mode  determination,  error  checking,  and  default 
setting  has  already  been  accomplished  by  the  subroutine  SEGMT.  Also,  there  is 
no  risk  of  calling  a  different  mode  change  subroutine  the  cecond,  third,  etc., 
time  through  CHOMP  beco"«ie  the  Present  Desired  Mode  of  Operation  (PDMOOP)  is 
not  updatea  until  the  mode  change  is  complete.  (Remember  that  CHOMP  bases  the 
decision  on  which  mode  change  subroutine  to  call  on  the  Present  Desired  M^de 
of  Operation  (PDMOOP). 

3.1. A. 3  Subroutine  LNDTRN 

The  subroutine  (LaND  to  TRansitioN)  manages  to  Land  to  Transi¬ 
tion  mode  change. 

Called  from:  CHOMP 

Called  when:  Land  to  transition  mode  change  requested 
Sequence  of  Events 

Is  the  vehicle  is  high  gear?  Yes,  call  SHIFT, 

Is  the  vehicle  going  too  fast  to  start  the  change  to  TRNSTN  mode? 

If  the  answer  is  "yes,"  set  the  error  flag  to  output  "MOOCNC 
(Mode  Of  Operation  Change  No  Complete)  -  excessive  vehicle 
speed"  message,  RETURN. 

If  the  answer  is  "no,"  check  to  see  if  the  ramp  is  closed  and 
latched. 

If  the  answer  is  "no"  then  Return. 
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If  the  answer  1s  ''ye.”  then: 

Shut  off:  Primary  cooling  fans 
Secondary  cooling  fans 
Waterjet  by-pass  valve 
Turn  on:  Sea  water  pump 

Aft  electric  bilge  pump 
Forward  electric  bllae  pump 
Hydraulic  bilge  pump 
Waterjet  no  by-pass  valve 

Has  the  5-second  time  delay  necesary  for  the  fans  to  slow  down 
before  grill  closure,  been  executed? 

If  the  answer  Is  “no,”  set  the  Time  Delay  (TDELAY)  value  for  the 
main  loop  to  use,  and  RETURN. 

If  the  answer  it  “yes,"  close  both  the'  primary  and  secondary 
gri 11 s. 

Check  the  Land  to  Sea  Transition  (LSTRNSl  flag  (set  by  the 
subroutine  SESEA)  to  see  If  the  grills  arc  closed  and  the 
seawater  and  bilge  pumps  are  on,  and  the  ramp  Is  closed  and 
latched. 

If  LSTRNS  is  .FALSE.,  the  vehicle  is  not  properly  configured  for 
the  mode  change.  RETURN. 

If  LNTRNS  is  .TRUE,  then  proceed  to  finalize  the  mode  change. 

Turn  on  the  Mode  of  Operation  Change  Complete  (HOOPCC)  light 
( .TRUE.) . 

Set  Present  Mode  of  Opratlon  (PHOOP)  equal  to  Present  Desired 
Mode  of  Operation  (PDMOOP). 

Zero  the  Time  DELAY  (TDELAY). 

RETURN. 

3. 1.4. 4  Subroutine  TRNLND 

The  subroutine  TRNLND  (TRansItioN  to  LaND)  manages  the  Transi¬ 
tion  to  Land  mode  change. 

Called  from;  CHOMP 

Called  when:  Transition  to  land  mode  change  requested 
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Sequence  of  Events 

Has  the  S-second  time  delay  necessary  for  the  grills  to  ^pen 
before  starting  the  fans,  been  executed? 

If  the  answer  Is  “no,"  set  the  Time  DELAY  (TDELAY)  value  for  the 
main  loop  to  use,  open  the  grills,  and  RETURN. 

If  the  answer  Is  "yes:" 

Turn  on:  Primary  cooling  fan 

Waterjet  by-pass  valve 
Turn  off:  Seawater  pimp 

Electric  bilge  pumps 
Hydraulic  bilge  pump 
Waterjet  no  by-pass  valve 

Check  the  Sea  to  Land  Transition  Flag  (5LTRNS)  (set  by  the 
subroutine  SESEA)  to  see  if  the  grills  are  open  and  the 
sf-awater  and  bilge  pumps  are  off. 

If  SLTRNS  Is  .false.,  the  vehicle  Is  not  properly  configured  for 
the  mode  change.  RETURN. 

If  SLTRNS  Is  .TRUE,  then  proceed  to  finalize  the  mode  change. 

Turn  on  the  Mode  of  Operation  Change  Complete  (MOOPCC)  light. 
(.TRUE.) 

S<  t  Present  Mode  of  Operation  (PRMOOP)  equal  to  Present  Desired 
Mode  of  Operation  (PDMOOP). 

Zero  the  Time  DELAY  (TDELAY). 

RETURN. 

3. 1.4. 5  Subroutine  TRNSEA 

The  subroutine  TRNSEA  (TRansItloN  to  SEA)  manages  the  Transition 
to  Sea  mode  change. 

Called  from:  CHOMP 

Called  when:  Transition  to  sea  mode  requested 
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Sequence  of  Events 

Disengage  high  clutch. 

Disengage  low  dutch. 

Turn  on;  Motor  b>-pass  valve. 

Turn  off:  Motor  no  by-pass  valve. 

Has  the  5-second  delay  necessary  for  the  tracks  to  stop  moving, 
been  executed? 

If  the  answer  is  "no,"  set  the  Time  DELAY  value  for  the  main 
loop  to  use,  and  RETURN. 

If  the  answer  is  "yes,"  raise  the  suspension  and  finalize  the 
mode  change. 

Turn  on  Mode  Of  Operation  Change  Complete  light  (MOOPCC) ( .TRUE. ) . 

Set  PResent  Mode  Of  Operation  (PRMOOP)  equal  to  Present  Desird 
Mode  Of  Operation  (POMOOP). 

Zero  the  Time  DELAY  (TDELAY). 

RETURN 

3. 1.4.6  Subroutine  SEATRN 

The  subroutine  SEATRN  (SEA  to  TRansItloN)  manages  the  Sea  to 
Transition  mode  change, 

C  'ed  from:  CHOMP 

Called  when;  Sea  to  transition  mode  change  requested 

Sequence  of  Events 

'  ower  the  suspension. 

Has  the  30-second  delay  necessary  when  lowering  the  suspension, 
been  executed? 

If  the  answer  Is  “no,"  set  the  Time  DELAY  (TDELAY)  value  for  the 
MAIN  loop  to  use,  and  RETURN. 

If  the  answer  Is  "yes:" 

Engage  low  clutch 
Disengage  high  clutch. 

Turn  on:  M<otor  no  by-pass  valve 
Turn  off;  Motor  by-pass  valve 
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Turn  on  Mode  of  Operation  Change  Conplete  light  (MOOPCC) 
(.TRUE.). 

Set  PResent  Mode  Of  Operation  (PRMOOP)  equal  to  Present  Desired 
Mode  Of  Operation  (PDMOOP). 

Zero  the  Time  DEUY  (TDELAY). 

RETURN 


3. 1.4. 7  Subroutine  DEMOS 

The  subroutine  DEMOS  (DEsIred  MOtor  Speed)  calculates  desired 
port  and  starboard  motor  speeds  from  the  accelerator  pedal ,  brake  pedal ,  and 
joystick  signals. 

Called  from:  MAIN 

Called  when:  Each  time  through  the  loop 
Sequence  of  Events 

In  landborne  mode  calculate  port  and  starboard  desired  motor 
speeds  based  on  turn  direction. 

In  transition  mode  calculate  port  and  starboard  waterjet  speeds 
based  on  turn  direction. 

In  seaborne  mode  desired  waterjet  speed  Is  the  same  as  desired 
high  waterjet  speed  (steering  accoiTipllshed  by  buckets). 


3. 1.4. 8  Subroutine  TREP 

The  subroutine  TREP  (Total  Required  Engine  Power)  calculates  the 
amount  of  power  required  by  the  transmissions.  This  Is  accomplished  by  having 
TREP  determine  If  the  vehicle  Is  in  the  landborne  mode  or  one  of  the  other  two 
modes  calling  either  LDTREP  or  TSTREP. 

Called  from:  MAIN 

Called  when:  Vehicle  Is  In  drive  or  reverse 


Sequence  of  Events 

Is  the  vehicle  in  the  landborne  mode?  Yes,  Call  LDTREP. 

Is  the  vehicl  ont  In  the  landborne  mode?  Yes,  Call  TSTREP. 
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3. 1.4.9  Subroutine  LDTREP 

The  subroutine  LOTREP  (LanD  TREP)  calculates  total  required 
engine  power  when  the  vehicle  Is  In  landborne  mode. 

Called  from:  TREP 

Called  when:  Vehicle  1s  In  1 andborne  mode 
Sequence  of  Events 

Detennlne  If  the  port  pump  or  If  the  port  motor  1s  at  maximum 
dispi acement. 

Calculate  port  torque. 

Calculate  port  horsepower. 

Repeat  the  sequence  for  the  starboard  pump  and  motor. 

3.1.4.10  '  Subroutine  TSTREP 

The  subroutine  TSTREP  (Transition  Sea  TREP)  calculates  total 
required  engine  power  when  the  vehicle  Is  In  either  transition  or  seaborne 
modes. 

Called  from:  TREP 

Called  when:  Vehicle  Is  In  transition  or  seaborne  modes. 

Sequence  of  Events 
Calculate  port  flow  rate. 

Calculate  port  waterjet  power. 

Calculate  required  power  for  tlie  port  transmission. 

Repeat  the  sequence  for  the  starboard  transmission. 

3.1.4.11  Subroutine  ECAN 

The  subroutine  ECAN  (Engine  Control  and  ANalysis)  determines 
governor  settings  and  controls  the  cooling  system  fans. 

Called  from:  MAIN 

Called  when:  Each  time  through  the  loop 
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3.1.4.12  Subroutine  ANTSTL 

The  subroutine  ANTSTL  (ANTi  STalL)  insures  that  the  hydrostatic 
drivetrain  does  not  try  to  extract  more  engine  power  than  the  engine  can 
produce  at  that  moment. 

Called  from;  MAIM 

Called  when;  Vehicle  is  in  drive  or  reverse 
Sequence  of  Events 

Calculate  port  and  starboard  pump  power. 

If  in  landborne  mode;  Calculate  maximum  motor  speed; 

Compare  maximum  with  desired; 

Turn  direction  and  turn  ratio  then 
determines  allowable  port  and  starboard 
motor  speeds 

If  in  transition  mode:  Calculate  maximum  waterjet  speed: 

Compare  maximum  with  desired; 

Turn  direction  and  turn  ratio  th-'n  deter¬ 
mines  allowable  port  and  starboard 
waterjet  speeds 

If  in  seaborne  mode;  Calculate  maximum  waterjet  speed; 

Compare  maximum  with  desired; 

Allowable  port  and  starboard  waterjet  are 
the  same  (bucket  steering) 

3.1.5  Output  Subroutines 

These  subroutines  apply  the  control  signals  to  the  individual 
control  elements  as  well  as  communicate  the  error  messages  to  the  Terra 
computer.  The  output  signals  consist  of  Pulse  Width  modulated  signals  and 
discreet  on/off  signals-  The  comnunication  of  the  error  messages  is  handled 
via  transmission  of  four  16-bit  words  to  the  Terra  via  RS  232  communication. 
The  error  words  are  updat  i  and  stored  in  common. 
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Subroutine  ERROUT 

The  subroutine  ERROUT  (ERRor  OUTput)  combines  the  individual 
error  flags  into  four  sixteen-bit  digital  words.  In  addition,  ERROUT  deter¬ 
mines  If  that  particular  error  is  proper  -or  the  present  mode  of  operation. 
Called  from;  MAIN 

Called  when:  Each  time  through  the  loop 
Sequence  of  Events 

Is  the  error  flag  .TRUE.?  Yes,  put  a  one  in  the  appropriate  bit 
position. 

Suppress  errors  generated  in  SESEA  subroutine  until  deemed 
appropriate. 

If  between  land  and  transition  modes  and  the  vehicle  is  going 
too  fast,  generate  that  error. 

3. 1.5.2  Subroutine  PWMOUT 

This  subroutine  converts  che  desired  transmission,  engine,  and 
clutch  valve  voltages  into  appropriate  integer  values  which  are  then  placed  in 
Common  to  be  transmitted  to  the  PWM  output  cards. 

Called  from:  MAIN 

Called  when;  Each  time  through  loop 
Sequence  of  Events 

Desired  voltage  values  are  converted  to  integer  value  duty  cycle 
equivalent  values  and  placed  in  appropriate  Common  block 
locations  for  each  control  device, 

3.2  ATR  Variable  and  Error  Message  Listing 

The  ATR  variable  listing  and  error  message  listing  is  provided 
in  Table  3.2-1. 

3.2.1  Variable  Listing 

The  variable  listing  provides  the  formal  variable  name  that  is 
used  it,  the  software  and  a  descriptive  title  associated  with  each  variable 
name.  This  is  pre  ented  as  Table  3.2-1. 
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3.2.2  Error  Message  Listing 

Table  3.2-2  presents  the  listing  of  the  error  messages  which 
have  been  used  for  the  ATR  vehicle.  This  listing  relates  the  word  number  and 
bit  nimber  associated  with  each  error  message.  Also  presented  In  this  table 
is  an  error  number  assigned  to  each  error  and  the  actual  error  message  that  is 
presented  on  the  Terra  computer.  Lastly,  this  table  presents  the  name  of  the 
subroutine  which  detects  the  error  and  the  program  variable  name  that  is  used 
to  convey  the  status  of  the  error. 


Table  3.2-1  ATR  Program  Variable  Listing 


AEBPSF  Error  Flag 

AENSF  Error  Flag 

AENSP  Actual  Engine  Speed 

ALPMSP  Allowable  Port  Motor  Speed 

ALPWSP  Allowable  Port  Viaterjet  Speed 

ALSMSP  Allowable  Starboard  Motor  Speed 

ALSWSP  Allowable  Starboard  Wateret  Speed 

AP6CAN  Actual  Port  Bucket  Angle 

APBCSF  Error  Flag 

EPMSF'  Error  Flag 

APMSP  Actual  Port  Motor  Speed 

APRS  Actual  Port  Pump  Speed 

APSSF  Error  FI  ag 

APWSF  Error  Flag 

ASBCAN  Actual  Starboard  Bucket  Angle 

ASBCSF  Error  FI  ag 

ASMSF  Error  Flag 

ASMSP  Actual  Starboard  Motor  Speed 

ASPS  Actual  Starboard  Pump  Speed 

ASSSF  Error  Flag 

ASWSF  Error  Flag 


BIT 

Bit 

pointer 

for 

TBIT 

function 

call 

BITl 

Bit 

pointer 

for 

TBIT 

function 

call 

BIT  10 

Bit 

pointer 

for 

TBIT 

func tion 

call 

BITll 

Bit 

pointer 

for 

TBIT 

function 

call 

BIT  12 

Bit 

pointer 

for 

TBIT 

function 

call 

BITi3 

Bit 

pointer 

for 

TBIT 

function 

call 

B IT14 

D  4  4< 
U  1 

4  W* 

1  1 1  wts  % 

k>« 

1  Oi 

TD  TT 
lull 

iMf*  4*4  nm 

1  Ut«W  V  1  VM 

/..II 

W  t  1 

BIT15 

Bit 

pointer 

for 

TBIT 

function 

call 

BIT16 

Bit 

pointer 

for 

TBIT 

function 

call 

BIT17 

Bit 

pointer 

for 

TBIT 

function 

call 

BIT18 

Bit 

pointer 

for 

TBIT 

func tion 

call 
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Table  3.2-1  ATR  Program  Variable  Listing  (Continued) 


BIT19  Bit  pointer  for  TBIT  function  call 
B1T2  Bit  pointer  for  TBIT  function  call 
BIT20  Bit  pointer  for  TBIT  function  call 
BIT21  Bit  pointer  for  TBIT  function  call 
BIT22  Bit  pointer  for  TBIT  function  call 
BIT23  Bit  pointer  for  TBIT  function  call 
BIT24  Bit  pointer  for  TBIT  function  call 
BIT25  Bit  pointer  for  TBIT  function  call 
BIT26  Bit  pointer  for  TBIT  function  call 
B1T27  Bit  pointer  for  TBIT  function  call 
BIT28  Bit  pointer  for  TBIT  function  call 
BIT29  Bit  pointer  for  TBIl  function  call 
BIT3  Bit  pointer  for  TBIT  function  call 
BIT30  Bit  pointer  for  TBIT  function  call 
BIT31  Bit  pointer  for  TBIT  function  call 
BIT32  Bit  pointer  for  TBIT  function  call 
BIT33  Bit  pointer  for  TBIT  function  call 
BIT34  Bit  pointer  for  TBIT  function  call 
BIT35  Bit  pointer  for  TBIT  function  call 
BIT36  Bit  pointer  for  TBIT  function  call 
BIT37  Bit  pointer  for  TBIT  function  call 
BIT38  Bit  pointer  for  TBIT  function  call 
Bn39  Bit  pointer  for  TBIT  function  call 
BIT4  Bit  pointer  for  TBIT  function  call 
BIT40  Bit  pointer  for  TBIT  function  call 
BIT41  Bit  pointer  for  TBIT  function  call 
BIT42  Bit  pointer  for  TBIT  function  call 
BIT43  Bit  pointer  for  TBIT  function  call 
BIT44  Bit  pointer  for  TBIT  function  call 
BIT45  Bit  pointer  for  TBIT  function  call 
BIT46  Bit  pointer  for  TBIT  function  call 
BIT47  Bit  pointer  for  TBIT  function  call 
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Table  3.2-1  ATR  Program  Variable  Listing  (Continued) 


BIT48  Bit  pointer  for  TBIT  function  call 

BIT49  Bit  pointer  for  TBIT  function  call 

BITS  Bit  pointer  for  TBIT  function  call 

BIT6  Bit  pointer  for  TBIT  function  call 

BIT?  Bit  pointer  for  TBIT  function  call 

BITS  Bit  pointer  for  TBIT  function  call 

BIT9  Bit  pointer  for  TBIT  function  call 

BLGOFF  Bit  pattern  for  Bilge  Pumps  Off 

BLGPON  Bit  pattern  for  Bilge  Pumps  On 

CKPLST  Check  Pump  l.and/Sea  Transition 

CKPSLT  Check  Pump  Sea/Land  Transition 

CKPUMP  Check  Pump 

CKRAMP  Check  Ramp 

CKRLST  Check  Ramp  Land/Sea  Transition 

CKRSLl  Check  Ramp  Sea/Land  Transition  1 

CKRSL2  Check  Ramp  Sea/Land  Transition  2 

DES  J7  P3  Desired  Engine  Speed 

DHCVV  07  PI  Desired  High  Clutch  Valve  Voltage 

OHMHSF  Error  FI  ag 

DHMLSF  Error  FI ag 

DHMR5F  Error  Flag 

DHMSP  Desired  High  Motor  Speed 

SHMSR  Desired  High  Motor  Speed  Ratio 

DHWSP  Desired  High  Hater jet  Speed 

DHWSR  Desired  High  Waterjet  Speed  Ratio 

D16IN  Digital  Input  (3-element  array) 

DIGOUT  07  P2  Digital  Output  (7-element  array) 
DLCVV  Desired  Low  Clutch  Valve  Voltage 

DMOOP  Desired  Mode  of  Operation 

DPFRT  Desired  Port  Flow  Rate 

DPMP  Desired  Port  Motor  Power 

DPMSP  Desired  Port  Motor  Speed 
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Table  3.2-1  ATR  Program  Variable  Listing  (Continued) 


DPPP 

Desired  Port  Pump  Power 

DPPWJ 

Desired  Power  Port  Waterjet 

OPSWJ 

Desired  Power  Starboard  Waterjet 

DPWSP 

Desired  Port  Waterjet  Speed 

DRIVE 

Drive 

DSFRT 

Desired  Starboard  Flow  Rate 

DSMP 

Desired  Starboard  Motor  Power 

DSMSP 

Desired  Starboard  Motor  Speed 

DSPP 

Desired  Starboard  Pump  Power 

OSWSP 

Desired  Starboard  Waterjet  Speed 

DTRNR 

Desired  Turn  Ratio 

DTRNSF 

Error  FI ag 

DTRST 

Desired  Transmission  Setting 

ENCTEM 

Engine  Coolant  Temperature 

ENCTSF 

Error  Flag 

END 

ERRDLY 

Error  Delay 

FDR 

Final  Drive  Ratio 

FEBPSF 

Error  Flag 

FIRESF 

Error  FI ag 

GCTD 

Grill  Close  Time  Delay 

GOTO 

Grill  Open  Time  Delay 

GRCLSE 

Bit  pattern  for  Grill  Closure 

GROPEN 

Bit  pattern  for  Grill  Open 

GSSF 

Error  Flag 

KBPVSF 

Error  FI ag 

HCSVSF 

Error  Flag 

HEOTSF 

Error  Flag 

HIGH 

High  Gear 

HVSVSF 

Error  Flag 

lAENSP 

J12  P18  Input  Actual  Engine  Speed 

IAP8CN 

J13  P4  Input  Actual  Port  Bucket  Angle 
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Table  3.2-1  ATR  Program  Variable  Listing  (Continued) 


lAPMSP  Jll  P16  Input  Actual  Port  Motor  Speed 

lAPSSP  Jll  P18  Input  Actual  Port  Sprocket  Speed 

lAPWSP  J12  P16  Input  Actual  Port  Waterjet  Speed 

lASBCN  J13  P5  Input  Actual  Starboard  Bucket  Angle 
lASMSP  Jll  P17  Input  Actual  Starboard  Motor  Speed 

lASSSP  Jll  P19  Input  Actual  Starboard  Sprocket  Speed 

lASWSP  J12  P17  Input  Actual  Starboard  Waterjet  Speed 

IDHMSP  J13  PI  Input  Desired  High  Motor  Speed 

IDHMSR  J13  P2  Input  Desired  High  Motor  Speed  Ratio 

IDTRNR  J13  P3  Input  Desired  Turn  Radius 

lENCTM  J14  P7  Input  Engine  Coolant  Temperature 

INTCPT  Intercept 

IPAMPR  J14  P3  Input  Port  Aft  Motor  Pressure 

IPFMPR  J14  PI  Input  Port  Forward  Motor  Pressure 

IPHOTM  J1.4  P5  Input  Port  Hydraulic  Oil  Temperature 

ISAMPR  014  P4  Input  Starboard  Aft  Motor  Pressure 

ISFMPR  J14  P2  Input  Starboard  Forward  Motor  Pressure 

ISHOTM  J14  P6  Input  Starboard  Hydraulic  Oil  .Temperature 


JCARIO 

Parallel 

I/O 

card 

pointers 

for 

SB  IT 

function 

call  s 

JCARll 

Parallel 

I/O 

card 

pointers 

for 

SB  IT 

function 

call  s 

JCAR12 

Parall el 

I/O 

card 

pointers 

for 

SB  IT 

function 

calls 

JCAR13 

Parallel 

I/O 

card 

pointers 

for 

SB  IT 

function 

calls 

JCAR14 

Parallel 

I/O 

card 

pointers 

for 

SB  IT 

function 

calls 

JCAR15 

Parallel 

I/O 

card 

pointers 

for 

SB  IT 

function 

call  s 

JCAR16 

Parallel 

I/O 

card 

pointers 

for 

SBIT 

function 

call  s 

JCAR9 

Parallel 

I/O 

card 

pointers 

for 

SB  IT 

function 

...^  1  . 
ca  1  i  d 

JCARDl 

Parallel 

I/O 

card 

pointers 

for 

SBIT 

function 

call  s 

JCARD2 

Parallel 

I/O 

card 

pointers 

for 

SBIT 

function 

call  s 

J CARDS 

Parallel 

I/O 

card 

pointers 

for 

SBIT 

function 

calls 

JCARD4 

Parallel 

I/O 

card 

pointers 

for 

SBIT 

function 

call  s 

J CARDS 

Parallel 

I/O 

card 

pointers 

for 

SBIT 

function 

calls 

J CARDS 

Parallel 

I/O 

card 

pointers 

for 

SBIT 

function 

calls 
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Table  3.2-1  ATR  Program  Variable  Listing  (Continued) 

JCARD7  Parallel  I/O  card  pointers  for  SBIT  function  calls 

JCARD8  Parallel  I/O  card  pointers  for  SBIT  function  calls 

LAND  Landborne 

LBCLSF  Error  Flag 

LBRPSF  Error  Flag 

LBSPSF  Error  Flag 

LCSVSF  Error  Flag 

LEOPSF  Error  Flag 

LOW  Low  Gear 

LPCPSF  Error  Flag 

LPHLSF  Error  FI  ag 

LSCPSF  Error  FI  ag 

LSHLSF  Error  Flag 

LSPPSF  Error  Flag 

LSTRNS  Land/Sea  Transition  Flag 

LVSVSF  Error  Flag 

MASK  16-element  array  that  is  used  to  build  masks  for  TBIT,  SBIT,  and 
ERROUT 

MAXMSP  Maximum  Motor  Speed 

MAXWSP  Maximum  Waterjet  Speed 

HBPON  Motor  Bypass  On 

MLTSSF  Error  Flag 

MNBPON  Motor  No  Bypass  On 

MOOPCC  Mode  of  Operation  Change  Complete 

MSSF  Error  Flag 

NAME  Name  of  variable  that  SBITS  operates  on 

NTRAL  Neutrla 

PISCSF  Error  Flag 

P2SCSF  Error  Flag 

P3SCSF  Error  Flag 

P4SCSF  Error  FI  ag 

P5SCSF  Error  FI ag 
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Table  3.2-1  ATR  Program  Variable  Listing  (Continued) 


PAMHSF 

Error  Flag 

PAMLSF 

Error  Flag 

PAMTPR 

Port  Aft  Motor  Pressure 

PARK 

Park 

PATVV 

J0  P3  Port  Aft  Transmission  Valve  Voltage 

PCFWBP 

Primary  Cooling  Fan,  Waterjet  Bypass 

PCFWNP 

Primary  Cooling  Fan,  Waterjet  No  Bypass 

POIFP 

Pert  Differential  Pressure 

PDMOOP 

Present  Desired  Mode  of  Operation 

PFMHSF 

Error  FI ag 

PFMLSF 

Error  Flag 

PFMTPR 

Port  Forward  Motor  Pressure 

PFTVV 

J8  PI  Port  Forward  Transmission  Valve  Voltage 

PGCSSF 

Error  Flag 

PHOTEM 

Port  Hydraulic  Oil  Temperature 

PHOTSF 

Error  Flag 

PMDFP 

Port  Motor  Differential  Pressure 

PMDIS 

Port  Motor  Displacement 

PMTRQ 

Oort  Motor  Torque 

PPDFP 

Port  Pump  Differential  Pressure 

PPDIS 

Port  Pump  Displacement 

PPMEFF 

Port  Pump  Mechanical  Efficiency 

PPTRQ 

Port  Pump  Torque 

PRMOOP 

Present  Mode  of  Operation 

PTREFF 

Port  Transmission  Efficiency 

RCLSSF 

Error  Fl  ag 

REPP 

REPPP 

RF.PPT 

REPSP 

REPST 

KEPT 
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Table  3.2-1  MR  Program  Variable  Listing  (Continued) 

RES  J9  Pi  Real  Engine  Speed 

RESULT  Test  variable  for  TBIT  function 

REVRSE  Reverse 

RMASK  Mask  word  fc^  SBITS  function 

RPMS  J9  P4 

RPSS  09  PIO 

RPMS  09  P5 

RSSS  09  Pll 

SISCSF  Error  Flag 

S2SCSF  Error  Flag 

S3SCSF  Error  Flag 

S4SCSF  Error  Flag 

S5SCSF  Error  Fl  ag 

SAMHSF  Error  Fl  ag 

SAMLSF  Error  Flag 

SAMTPR 

SATYV  08  P4  Starboard  Aft  Transmission  Valve  Voltage 

SDIFP  Starboard  Differential  Pressure 

SEA  Seaborne 

SECFOF  Secondary  Fan  Off 

SEWPSF  Error  Flag 

SFMHSF  Error  Flag 

SFMLSF  Error  Flag 

SFMTPR 

SFTVV  08  P2  Starboard  Forward  T;  nsmission  Valve  Voltage 

SHOTEM  Starboard  Hydraulic  Oil  Temperature 

SHOTSF  Error  Flag 

SLOWER  Suspension  Lower  bit  pattern 

SLTRNS  Sea/Land  Transition  Flag 

SMDFP  Starboard  Motor  Differential  Pressure 

SMDIS  Starboard  Motor  Displacement 

SMTRQ  Starboard  Motor  Torque 
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Table  3,2-1  ATR  Program  Variable  Listing  (Continued) 


SPDFP 

SPDIS 

SPMEFF 

SPTRQ 

STARIO 

STARll 

STAR12 

STAR13 

STAR 14 

STAR15 

STAR16 

STAR9 

START 

STARTl 

START2 

STARTS 

START4 

STARTS 

STARTS 

START? 

STARTS 

STREFF 

SUDOWN 

SURISE 

TBIT 

TDELAY 

TESTl 

TEST2 

TEST3 

TIMER 

TRKSTP 

TRNDIR 


Starboard  Pump  Differential  Pressure 
Starboard  Pump  Displacement 
Starboard  Pump  Mechanical  Efficiency 
Starboard  Pump  Torque 
Starting  bit  pointer  for  SBIT  function 
Starting  bit  pointer  for  SBIT  function 
Starting  bit  pointer  for  SBIT  function 
Starting  bit  pointer  for  SBIT  function 
Starting  bit  pointer  for  SBIT  function 
Starting  bit  pointer  for  SBIT  function 
Starting  bit  pointer  for  SBIT  function 
Starting  bit  pointer  for  SBIT  function 
Starting  bit  pointer  for  SBIT  function 
Starting  bit  pointer  for  SBIT  function 
S carting  bit  pointer  for  SBIT  function 
Starting  bit  pointer  for  SBIT  function 
Starting  bit  pointer  for  SBIT  function 
Starting  bit  pointer  for  SBIT  function 
Starting  bit  pointer  for  SBIT  function 
Starting  bit  pointer  for  SBIT  function 
Starting  bit  pointer  for  SBIT  function 
Starboard  Transtilssion  Efficiency 

Bit  pattern  to  raise  suspension 
Function  name 
Time  Delay 

Temporary  variable  for  SENGER 
Temporary  variable  for  SENGER 
Temporary  variable  for  SENGER 
Main  loop  time  delay  counter 
Time  delay  for  Truck  Stop 
Turn  Direction 
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Table  3.2-1  AIR  Program  Variable  Listing  (Continued) 


TRNSTN  Transition 
TSSF  Error  FI  ag 

WIOTIO  Field  width  pointers  for  SBIT  function 
WIDTH  Field  width  pointers  for  SBIT  function 
WI0T12  Field  width  pointers  for  SBIT  function 
WIDT13  Field  width  pointers  for  SBIT  function 
WIDT14  Field  width  pointers  for  SBIT  function 
WIDT15  Field  width  pointers  for  SBIT  function 
WIDT16  Field  width  pointers  for  SBIT  function 
WIDT9  Field  width  pointers  for  SBIT  function 
WIDTH  Field  width  pointers  for  SBIT  function 
WIDTHl  Field  width  pointers  for  SBIT  function 
WIDTH2  Field  width  pointers  for  SBIT  function 
WI0TH3  Field  width  pointers  for  SBIT  function 
WIDTH4  Field  width  pointers  for  SBIT  function 
WIDTHS  Field  width  pointers  for  SBIT  function 
WIDTHS  Field  width  pointers  for  SBIT  f  Ktlon 
WIDTH?  Field  width  pointers  for  SBIT  function 
WIDTHS  Field  width  pointers  for  SBIT  function 
WJCNST  Waterjet  Constant 
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4.0  TERRA  COMPUTER  DESCRIPTION 

The  purpoe  of  the  Terra  computer  is  to  display  error  messages 
that  are  generated  by  the  SC-1.  At  present,  four  16-b1t  words  transfer  60 
error  messages  from  the  SC-1  via  the  RS-232  communications  port.  It  is  the 
responsibility  of  the  Terra  computer  to  decode  and  display  and  new  error 
messages  that  have  arrived  over  the  communication  link.  Table  4.0-1  provides 
a  listing  of  all  the  error  messages  for  the  ATR. 

The  Terra  computer  maintains  three  display  screens.  They  are: 
the  alarm  screen,  the  error  log  screen,  and  monitor  the  screen.  The  alanii  and 
error  log  creens  arc  divided  into  two  parts:  the  top  part  which  displays  alarm 
or  log  information,  and  the  bottom  part  which  displays  communication  requests 
fro  the  Mil  tope  recorder  and  allows  for  the  entering  of  pre-and  post- test 
annotation.  The  monitor  screen  is  activated  by  keyboard  command. 

When  error  messages  are  interpreted  by  the  Terra  the  following 
sequence  of  events  will  occur  as  shown  in  Figure  4.0-1. 

0  A  new  error  will  cause  the  warning  light  to  come  on  and  the 
warning  tone  to  be  activated,  and  the  error  message  to  be 
displayed  in  the  upper  left  corner  of  the  screen.  All  error 
messages  that  arrive  have  an  asterisk  placed  in  front  of 
their  text  until  they  are  acknowledged  by  the  operator  by 
either  turning  off  the  warning  tone  or  light.  When  the 
errors  are  acknowledged,  a  blank  space  replaces  the 

asterisk.  It  is  possible  for  an  error  to  become  inactive 
before  the  operator  can  acknowledge  the  error,  in  that  case 
the  error  is  deemed  to  be  interittent,  and  a  question  mark 
replaces  the  asterisk. 


0 


0 


Once  an  error  is  acknowledged  by  turning  off  either  the 
light  or  the  tone,  and  that  error  beccuics  inactive,  the 
blank  space  is  replaced  by  a  minus  sign. 

If  that  error  again  becomes  active  the  minus  sign  is 
replaced  by  a  plus  sign. 

If  thi'  error  once  again  becomes  Inactive  the  plus  sign 
is  replaced  with  the  question  mark  which  means  that  the 
error  is  judged  to  be  unreliable  or  intermittent. 
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Figure  4.0-1  Flowchart  Of  Error  Message  Display 


At  any  point  it  is  possible  to  reatm  (reset)  any  indivi¬ 
dual  alarm  by  use  of  the  REARM  key  (with  the  cursor 
pointed  to  the  desired  error)  or  the  rearm  all  alarms  by 
use  of  the  RESET  key. 

Any  time  any  alarm  (including  intermittents)  goes  from 
inactive  to  active  the  log  count  for  that  error 

increases  by  one. 

The  log  screens  have  five  function  keys  associated  with  them. 

They  are: 

CLEAR  -  Clears  all  counters  to  zero. 

STORE  -  Saves  the  current  error  log  into  the  stored  error 

log  (overwrites  it). 

ADD  -  Adds  current  to  stored. 

RECALL  -  Makes  the  stored  error  log  the  current  one  (over¬ 

writes  the  current  error  log). 

SWITCH  -  Displays  the  log  screen  that  is  presently  not 

displayed  (does  not  affect  either  the  current  or 
stored  error  log). 

To  clarify,  there  are  two  screens  available  for  viewing  while 
the  vehicle  is  functioning.  They  are  the  alarm  screen  and  the  log  screen.  It 
is  possible  to  toggle  the  log  screen  between  the  current  error  display  and  the 
stored  error  display  by  means  of  the  SWITCH  function  key.  The  SWITCH  function 
key  does  not  affect  the  values  in  either  current  or  stored  error  logs. 
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5.0  MILTOPE  RECORDER  DESCRIPTION 

The  Mi  Hope  recorder  used  in  the  ATR  vehicle  has  been  recon¬ 
figured  to  provide  a  parallel  communications  interfac  format  with  the  SC-1 
computer.  This  format  has  been  installed  to  speed  the  communications  process 
so  that  variables  can  be  recorded  at  .01  second  intervals. 

Recording  operations  are  initiated  by  loading  a  tape  into  the 
recorder,  turning  the  recor-^'^r  power  on  and  simultaneously  depressing  the 
CONTROL  key  and  the  "R"  key.  This  indicates  that  a  data  recording  operation 
is  desired  and  the  tape  will  be  rewound  and  the  recorder  head  will  be 
positioned  to  the  number  one  track.  No  previously  recorded  data  can  be  saved 
if  a  used  tape  is  put  Into  the  recorder. 

The  Terra  computer  then  responds  by  asking  for  the  current  date 
and  time.  Upon  responding,  the  Terra  will  ask  if  any  pre-test  annotation  is 
desired.  If  Y  is  depressed,  the  Terra  will  respond  by  asking  what  pre-test 
annotation  is  desired.  If  any  other  key  is  depressed  no  pre-test  annotation 
will  be  possible.  If  the  maximum  number  of  lines  of  pre-test  annotation  (24 
lines)  are  entered,  or  the  return  key  is  depressed  twice  an  end  to  the  pre¬ 
test  annotation  will  be  encountered.  The  Terra  will  then  respond  with  the 
following  statement:  "To  begin  data  recording  activity,  hit  CONTROL  S." 

Once  the  data  recording  operation  is  underway,  it  can  be 
terminated  by  one  of  two  ways;  either  CONTROL  T  can  be  activated  or  the  tape 
can  come  to  the  end  of  its  track.  If  the  recording  of  data  is  terminated 
befcre  an  end  of  track  condition  occurs,  the  Terra  will  ask  if  any  post-test 
annotation  is  desired.  If  Y  is  depressed,  the  Terra  will  ask  what  post 
annotation  is  desired.  Depressing  any  other  key  will  indicate  an  end  to  the 
data  recording  activity.  If  the  maximum  number  of  lines  of  post -test 
annotation  (24  lines)  are  entered,  or  the  return  key  is  depressed  twice,  an 
end  to  the  data  recording  activity  is  encountered,  the  tape  recorder  will 
automatically  rewind  and  switch  to  the  next  track,  if  possible.  If  the 
maximum  number  of  tracks  have  been  recorded,  the  Terra  will  display  the 
following:  "Tape  full.  Replace  or  depress  CONTROL  R  to  write  over  existing 
records." 
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Up  to  four  tracks  of  data  can  be  recorded  on  each  tape.  Each 
track  should  contain  approximately  20  minutes  of  data  recorded  at  a  rate  of  50 
variables  every  .01  seconds. 


6.0  TRANSMISSION  TEST  RESULTS 

To  impv'ove  the  perfomiance  of  the  transmissions  in  the  ATR 
vehicle,  as  compared  to  the  performance  obtained  in  the  previously  developed 
Hydrostatic  Test  Platform,  SwRI  performed  a  series  of  dynamometer  tests  with 
Quinto  Lubric  822-220  hydraulic  fluid.  This  fluid  has  superior  viscosity  over 
the  MIL-H-83282  fire-resistant  hydraulic  fluid  which  was  previously  used. 

The  test  results  are  presented  in  graphical  form  in  Figures 
6.0-1  through  6.0-10  which  show  the  expected  motor  speed  as  a  function  of 
control  pressure.  The  predicted  efficiency  of  the  transmissions  during  actual 
operation  is  shown  in  Figures  6.0-11  through  6-0-20.  These  test  results 
indicate  a  significant  operating  improvement  of  the  transmissions  using  the 
Quinto  Lubric  fluid  as  compared  to  the  MIL-H  fire-resistant  hydraulic  oil. 
Test  results  regarding  the  use  of  this  fluid  were  presented  in  a  report 
entitled  "Design  and  Integration  of  Hydrostatic  Transmission  in  a  300  HP 
Marine  Corps  Amphibious  Armored  Personnel  Carrier,"  prepared  under  Contract 
No.  N00167-82-C-0156  for  the  David  Taylor  Naval  Ship  Research  and  Development 
Center,  dated  March  1985. 
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MOTOR  TORQUES  AT  AN  ENGINE  SPEED  OF  1-400  RPM  . 


NGINE  SPEED  (RPM)  1600 
OTOR  TORQUE  (FT-L.B) 
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THANiSMISSION  GVERAL.L  EFFICIENCY  VERSUS  MOTOR  OUTPUT  SPEED 
FOR  VARIOUS  MOTOR  TORQUES  AT  AN  ENGINE  SPEED  OF  IBOO  RPM . 
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7.0  TRANSMISSION  VALVE  DEVELOPMENT 

Southwest  Research  Intitute  provided  the  design  and  fabrication 
of  a  new  transmission  control  valve  for  use  in  the  ATR  vehicle.  This  valve 
development  effort  was  undertaken  because  of  ope»*ational  problems  encountered 
while  using  the  production  valve  supplied  with  the  transmissions  by  the 
manufacturer.  The  operational  problems  included  an  intermittent  instability 
and  the  inability  to  perform  maintenance  on  the  valve. 

Figure  7.0-1  shows  a  cross  section  of  the  valve  which  was 
supplied.  This  valve  incorporated  the  double  proportional  valve  wnich  was 
provided  by  the  original  manufacturer,  but  also  incorporates  a  flip-flop  valve 
and  a  shuttle  valve  in  the  same  overall  design.  Figure  7.0-2  shows  the 
relationship  between  pressure  and  control  voltage  that  was  obtained  from  this 
valve. 
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Figure  7.0-1  Transmission  Valve  Section  View 
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Appendix  A 

ATR  Control  Software  Listing 
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Appendix  B 

Individual  Circuit  Diagrams 


Input/Output  Pin  Sheets  for  SC-1  Microcomputer  for  ATR  Vehicle 


J7  Pulse  Width  Modulated  (PUM)  Output  Signal 
PI  Desired  Low  Clutch  Valve  Voltage  (DLCVV)  (Page  B-9) 

P2  Desired  High  Clutch  Valve  Voltage  (DHCW)  (Page  B-10) 

P3 

P4 

P5  Ground  (Page  B-11) 

J8  Pulse  Width  Modulated  (PWM)  Output  Signal 

PI  Port  Forward  Transmission  Valve  Voltage  (PFTVV)  (Page  B-12) 

P2  Starboard  Forward  Transmission  Valve  Voltage  (SFTVV)  (Page  B-13) 
P3  Port  Aft  Transmission  Valve  Voltage  (PATVV)  (Page  B-14) 

M  Starboard  Aft  Transmission  Valve  Voltage  (SATVV)  (Page  B-i5) 

P5  Ground  (Page  B-16) 

J9  Digital  to  Analog  Converter 

PI 
P4 
P5 
P9 

PIO  Read  Port  Sprocket  Speed  (RPSS)  (Page  B-17) 

pn 

Jll  Frequency  to  Digital  (F/D)  Converter 

Pll  Ground  (Page  B-18) 

P16  Input  Actual  Port  Motor  Speed  (lAPMSP)  (Page  B-19) 

P17  Input  Actual  Starboard  Motor  Speed  (lASHSP)  (Page  B-20) 
rl8  Input  Actual  Port  Sprocket  Speed  (TAP33F)  (Page  B-2i) 

P19  Input  Actual  Starboard  Sprocket  Speed  (lASSSP)  (Page  B-22) 

J12  Frequency  to  Digital  (F/0)  Converter 

Pll  Ground  (Page  B-23) 

P16  Input  Actual  Port  Waterjet  Speed  (lAPWSP)  (Page  B-24) 


( 


P17  Input  Actual  Starboard  Waterjet  Speed  (lASWSP)  (Page  B-25) 

P18  Input  Actual  Engine  Speed  (lAENSP)  (Page  B-26) 

P19 

Ji3  Analog  to  Digital  (A/D  Converter 
PI  Input  Desired  High  Motor  Speed  (IDHMSP)  (Page  B-27) 

P2  Input  Desired  High  Motor  Speed  Ratio  (IDHMSR)  (Page  B-28) 

P3  Input  Desired  Turn  Ratio  (IDTRNR)  (Page  B-29) 

PA  Input  Port  Bucket  Angle  (lAPBCN)  (Page  B-30) 

P5  Input  Starboard  Bucket  Angle  (lASBCN)  (Page  B-31) 

P6 

P7  ' 

P8 

P9  Ground  (Page  B-32) 

PIO  Ground  (Page  B-33) 

Pll  Ground  (Page  6-34) 

P12  Ground  (Page  B-35) 

P13 

P14 

P15 

P16  Ground  (Page  B-36) 

P17  Computer  Ground  (Page  B-37) 

P18  Computer  Ground  (Page  B-37) 

J14  Analog  to  Digital  (A/D)  Converter 

PI  Input  Port  Forward  Motor  Pressure  (IPFMPR)  (Page  B-38) 

P2  Input  Starboard  Forward  Motor  Pressure  (IS^MPR)  (Page  B-39) 

P3  Input  Port  Aft  Motor  Pressure  (IPAMPR)  (Page  B-40) 

P4  input  Starboard  Aft  Motor  Pressure  (ISAMPR)  (Page  B-41) 

P5  Input  Port  Hydraulic  Oil  Temperature  (IPHOTM)  (Page  B-42) 

P6  Input  Starboard  Hydraulic  Oil  Temperature  (ISHOTM)  (Page  B-43) 

P7  Input  Engine  Coolant  Temperature  (lENCTM)  (Page  B-44) 

P8 

P9  Ground  (Page  B-45) 

PIO  Ground  (Page  B-46) 


Pll  Ground  (Page  B-47) 

P12  Ground  (Page  B-48) 

P13  Ground  (Page  B-49) 

P14  Ground  (Page  B-50) 

P15  Ground  (Page  B-51) 

P16 

P17  Computer  Ground  (Page  B>52) 

P18  Computer  Ground  (Page  B-52) 

J16  Parallel  I/O  (Switch  Closures  to  Ground) 

PI  Clamp  (+24)  (Page  B-53) 

P18  Desired  Suspension  Up  Valve  Status  (Page  B-60) 

P17  Desired  Suspension  Down  Valve  Status  (Page  B-59) 

P16  Desired  Secondary  Cooling  Fan  4  gpm  Valve  Status  (Page  B-58) 

P15  Desired  Secondary  Cooling  Fan  8  gpm  Valve  Status  (Page  B-57) 

P14  Desired  Electric  Bilge  Pump  Activation  (Page  B-56a  and  B-56b) 

P13 

P12  Desired  Starboard  Bucket  Counterclockwise  Valve  Status  (Page  B-55) 

Pll  Desired  Starboard  Bucket  Clockwise  Valve  Status  (Page  B-54) 

PIO  Clamp  (+24)  (Page  B-53)  ^ 

P9 

P8 

P7 

P6 

P5 

P4 

P3 

P2 

P20  Clamp  (+24)  (Page  B-53) 

P28  Low  Brake  and  Clutch  Lube  Pressure  Switch  Status  (Page  B-69) 

P27  Low  Brake  Release  Pressure  Switch  Status  (Page  B-68) 

P26  Low  Brake  Supply  Pressure  Switch  Status  (Page  B-67) 

P25  Low  Pert  Charge  Pump  Pressure  Switch  Status  (Page  B-66) 

P24  Low  Starboard  Charge  Pump  Pressure  Switch  Status  (Page  B-65) 


P23  Hydraulic  Filter  By-Pass  Switch  Status  (Page  B-64) 

P22  Port  1  Suspension  CorAponent  Switch  Status  (Page  S-63) 

P21  Port  2  Suspension  Component  Switch  Status  (Page  B-62) 

P19  Port  3  Suspension  Component  Switch  Status  (Page  8-61) 

P29 

P36  Port  4  Suspension  Component  Switch  Status  (Page  B-72) 

P35  Port  5  Suspension  Component  Switch  Status  (Page  8-71) 

P34  Low  Suspension  System  Supply  Pressure  (Page  B-70) 

P33 

P32 

P31 

P30 

P37  Signal  Return  for  Computer  (Page  B-73) 

J17  Parallel  I/O  (Switch  Closure  to  Ground) 

PI  Clamp  (+24)  (Page  B-74) 

P18 

P17  Desired  Primary  Cooling  Fan  on  Valve  Status  (Page  B-80) 

P16  Desired  Primary  Cooling  Fan  Stop  Valve  Status  (Page  B-79) 

P15  Desired  Secondary  Grill  Open  Valve  Status  (Page  B-78) 

P14 

P13  Desired  Seawater  Pump  Activation  (Page  B-77) 

P12  Desired  Waterjet  By-Pass  Valve  Status  (Page  B-76) 

Pll  Desired  Waterjet  No  By-Pas  Valve  St«ty«  (Page  B-75) 

PIO  Clamp  (+24)  (Page  B-74) 

P9 

P8 

P7 

P6 

P5 

P4 

P3 

P2 

P20  (Clamp  (+24)  (Page  B-74) 

P28  Starboard  1  Suspension  Component  Switch  Status  (Page  B-88) 


P27  Starboard  2  Suspension  Component  Switch  Status  (Page  B-87) 

P26  Starboard  3  Suspension  Component  Switch  Status  (Page  6-86) 

P25  Starboard  4  Suspension  Component  Switch  Status  (Page  B-85) 

P24  Starboard  5  Suspension  Component  Switch  Status  (Page  B-'84) 

P23  Low  Engine  Oil  Pressure  Switch  Status  (Page  B-83) 

P22  Low  Port  Hydraulic  Oil  Level  Switch  Status  (Page  B-82) 

P21  Low  Starboard  Hydraulic  Oil  Level  Switch  Status  (Page  B-81) 

P19 

P29  Cathode  Signal  Return  (Page  B-89) 

P36  Low  Vehicle  System  Voltage  Switch  Status  (Page  B-95) 

P35  Low  Control  System  Voltage  Switch  Status  (Page  B-94) 

P34  High  Vehicle  System  Voltage  Switch  Status  (Page  B-93) 

P33  High  Control  System  Voltage  Switch  Status  (Page  B-92) 

P32  Primary  Grill  Closed  Switch  Status  (Page  B-91) 

P31  Ramp  Closed  and  Latched  Switch  Status  (Page  B-90) 

P30 

P37  Signal  Return  for  Computer  (Page  B-96) 

J18  Parallel  I/O  (Positive  Voltage  to  Card) 

PI  Clamp  (+24)  (Page  B-97) 

P18  Desired  Motor  No  By-Pass  Valve  Status  (Page  B-105) 

P17  Desired  Port  Bucket  Counterclockwise  Valve  Status  (Page  B-104) 

P16  Desired  Port  Bucket  Clockwise  Valve  Status  (Page  B-103) 

PIS  Desired  Primary  Grill  Closure  Valve  Status  (Page  B-102) 

P14  Desired  Primary  Grill  Open  Valve  Status  (Page  B-101) 

P13  Desired  Hydraulic  Bilge  Pump  Valve  Activation  (Page  B-lOO) 

P12  Desired  Hydraulic  By-Pass  Valve  Status  (Page  B-99) 

Pll  Desired  Motor  By-Pass  Val  e  Status  (Page  B-98) 

_ _  /  /n _ n  t%^\ 
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P9 

P8 

P7 

P6 

PS 

P4 
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1/ 
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P3 

P2 

P20  Cla>«ip  (+24)  (Page  B-97) 

P28  Aft  Electric  Bilge  Pump  Activation  Status  (Page  B-114) 

P27  Seawater  Pump  Activation  Status  (Page  B-113) 

P26  Hydraulic  Bilge  Pump  Valve  Activation  Status  (Page  B-112) 
P25  Forward  Electric  Bilge  Pump  Activation  Status  (Page  B-111) 
P24  Desired  High  Gear  Selector  Switch  Status  (Page  B-110) 

P23  Desired  Low  Gear  Selector  Switch  Status  (Page  B-109) 

P22  Desired  Seaborne  Mode  Selector  Switch  Status  (Page  B-108) 
P21  Desired  Transition  Mode  Selector  Switch  Status  (Page  B-107) 
P19  Desired  Landborne  Mode  Selector  Switch  Status  (Page  B-106) 
P29  Cathode  Signal  Return  (Page  B-115) 

P36  Desired  Drive  Selector  Switch  Status  (Page  B-121) 

P35 

P34  Desired  Reverse  Selector  Switch  Status  (Page  B-119) 

F33  Desired  Park  Selector  Switch  Status  (Page  B-118) 

P32  Fire  Sensed  Switch  Status  (Page  B-117) 

P31  Low  Scavenge  Pump  Pressure  Switch  Status  (Page  B-116) 

P30 

P37  Signal  Return  for  Computer  (Page  B-122) 

J28  RS  232  Transmit  (from  SC-1) 

P2  RS  232  Output  (from  SC-1)  Page  B-123) 

P3  RS  232  Receive  (by  SC-1)  (Page  B-124) 

P7  RS232  Signal  Return  (Page  B-125) 

J46  Terra  Computer  Power 

E  Ground  (Page  B-126) 

F  +12  Volts  (Page  B-126) 

J32  Ml  Hope  Recorder  Power 

82  +24  Volts  (Page  B-127) 

83  Return  (page  B-127) 

84  Chassis  Ground  (Page  B-127) 


062  Terra  Computer  Warning  Signal  Output 
A  Light  Enable  (Page  B-128) 

B  Return  (Page  B-i28) 

C  Time  Enable  (Page  B-128) 

0  Return  (Page  B-128) 

J40S  Terra  Computer  I/O  to  MODEM 

A  Signal  Return  (Page  B-129) 

B  CTS  from  MODEM  (Page  B-1291 

C  LTS  to  MODEM  (Page  B-129) 

D  RX  from  MODEM  (Page  B-129) 

E  TX  to  MODEM  (Page  B-129) 

F  Ground  (Page  B-129) 
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J8-P3  PORT  AFT  TRANSMISSION  VALVE  VOLTAGE 
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J102 
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J11-P19  INPUT  STARBOARD  SPROCKET  SPEED 


J  12-PI  7  INPUT  STARBOARD  WATER  JET  SPEED 
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